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Thls manual is intended t% a551st pest1c1de
applicators in the area @f aquatic pest control meet the requirehents
of the Michigan Dedartme of Agriculture for certification.. The
Environmental Protection Agency (EPA) Aquaylc Pest Control/ﬂﬁide
served as a basis for this manua; The six sections presented
describe: (1) Aquatic pest control;. (2) Plant management; (3)

Vertebrate management;  (4) Invertlebrate management; (5) Swimming
pools; and (6) Environmental ‘congjdérations and restrictions. A list
of self-help questions and i ions for completing the questions

“are presented at the end/s?'gi section. At the end of this

publication, units and conversion egulvalents, formulas for herbicide

application to channels, and formulas for herbicide appllcatlon to
ponds or lakes are presented (M) - . !
e .

~

**************** *************************************l*'*****************

* Reproductions supplied’ by EDRS . are the hestlthat can be made *
* ’ . from the original document’ *
****i**#**************t********************************************x***
/

RN : s

-




¢ .U.5 DEPARTMENTOF HEALTH,
' . ' JEDUCATION 8 WELFARE
v * NATIONAL INSTITUTE OF
C .. EDUCATION

. -
THiS\'DACUMENT HAS BEEN REPRO. Aquatlc Pest‘ ontr I
. . DUCEQ EX@gTLY A5 RECEIVED FROM . L g
o THE PERSGN OR ORGANIZATION ORIGIN- - - e
z 4 ATING.IT POINTS OF VIEW DR OPINIONS . »

STATED DR NOT NECESSARILY REPRE-
i SENT OF FACIAL NATIONAL INSTITUTE OF 4 , (
I “ . E.OUCATION POSITION OR POLICY . : ' .-
' . - . ' .

Extension Bulletin E-1032-5, Dec. 1976
COOPERATIVE EXTENSION SERVICE
wJ ~MICHIGAN STATE UNIVERSITY

SAFE, EFFECTIVE USE OF PESTICIDES
- A MANUAL FOR QOMMERC'ALAPPUCATORS ]




Extension‘Bulletin?E—1032—5'

o~

»



Federal regu ations establish-: general ggd specific stand ds that yo7/must
meet before you can use or superv1se the use of certain pest1c1des. This
guide contains baSlC information to help you meet the spec1fic standards for
applicators who are engaged in aquatic pest control. Whlle the majority of
‘ materiaL-in this guide pertains to vegetation management the guide aiso addresses

-aquatic insett and fungus control.
g - o ' . 5
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A list of self:help questions and . 1nstructions for completing the questions

Fd

Qre at the end of eac:'section. If you encounter difficulties in using the -

'

manual, please ‘consult \your county agricultural extenﬁion agent or\representative
of the Michlgan Departm nt of Agriculture for assistance. ’ '

Some suggestions on studying the manual are:

-

3

.1. Find a place and tima’ for study where you will‘not be disturbed.

2, Read the entire ;

4nual through once to:understand thk scope and form of
Of the material. »

)

. 4

3. Then étudy one section of the manual at a time. You may want to . undeg}ine ‘
\ o

[

%
impo ant p01nts in the manual or take written notes as you study the section.

4. . AnSWeri in iting, the self -help questions at the end of each Section.

- Instructigifﬁon how to use the self-help questions in your study are
-1nc1uded with the question These questions are intended to aid you in
)your study and to help youT;’aluate your knowledge of the subject As suc@,>

they are an 1mportant part of your study. ) ,

5. Reread thexentire manual once again, when you have finished studying all Of\ltS

nine sections. Rev1ew waf% care any sections that you feel you do not

. fdlly understandf . ' - ' ' V'
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- INTRODUCTION

AQUATIC PEST CONTROL

-

. The kinds and numbers of lhylng orgarnisms that dwell in and around an aquat'

} env1ronment are determlned by a wide variety of factors that cgn be d1v1ded 1nto

el

four major groupsf/ _ ' ) o o . . T
1. Climatic factors including light,'temperature,cwind and precfpitation;
2. Structural factors, 1nclud1ng-shape of the body of water, its depth, ot
' . the shorellne, conflguratlon, the slopes of the bottom, the shape of

the drainage basin and the surface area. . 4

o
4 3. So l»factors, 1nclud1ng e types of SOllS that make up the bottom andjihe- .

shoreline of the body of water-and the hutrlents that are d1ssolved in .

, the body of water. - : o ‘ L

4. The living organisms themselves, the plants and animals and the roles
>

that they play, 1nclud1ng producers (plants), consumers (an1mals),4
decomposers (bacterla) \\\a . . ) . ,
Ultimately it is’‘these factors and interrel tionships of these factors that deter-
¢ . - -

mine what kinds of living organisms and how many:of them live in-an aqua ic environ--

ment. : - - : f’ . ' ..'17 S N

v

When human belngs attempt to make use -of an: aquatic’ env1ronment, the 11v1ng {

organisms present may be beneflclél to that use or they ‘may 1nterfere with that use,
or in many cases they may do both, espec1ally when many uses are made of a single
aquatlc env1ronment., When such a 11v1ng organlsm 1nterferes with a- use, fortunately,

aquadlc environments that are 1deally suited for a given use are often subject 'to’

‘misyse or overuse, and 11v1ng organlsms that heretofore had been beneflcial to that

’ use become over- abundant ‘and thus become a pest, or new,types of organ1sms develop

or are introduced, replac1ng the benef1c1al organisms and through over-abundance :

become a pest. . - Lo : .

.

sIn these 51tuatlons, control of such pests becomes extremely d1ff1cult because
the only real solutlon, especially in the long run, is to correct the m1suse or over-

use that created ‘the condltlons sultable to the" growth of these pests. Ig is lmporf
) . ¥ 3
N .

3

tant that a pest control opergtor ‘be acutely awaré
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of these interrelationships'and fully realize that no~organism is a pest
untll it 1nterferes with human objectlves. Then and only theq is it a pest. .
For example, two common forms of aquatlc plants in Michigan, naid and sago, ‘
are often con%;dered to be aquatic weeds. These aquatlc plants are not
aquatlc weeds, and are extremely beneflclal 1f the objectlve is to use the

pond\to favor waterfowl. Emergent aquatlc vegetatlon, such as cattails and

i arrowhead are not ayuatic weeds if the objectlve is Eg,prov1de spawning

qrounds for fish such as northern pike. -
’ &
' :

. -

The understanding of relationships such as these is ektremely important

in order to avoid descroylng someth1ng that is an 1mportant part of the ecosystem

-

Another examble is the Amerlcan lotus, a flOwerlng emergent, which has an
attractive blossomwand a fruiting body often used 1n dry arrangements. It is
fa;sr rare and consldered endangered. If made awa{e_of these facts, a, pond’
/ owner may iuddenly;regard a weedias an attractiVe and uniéue ornamental to be

preserved. ' . . R

Such understandlnq is extremely valuablellf the proper ‘solutions are tp

be found. For example, in Michigan 1t 1s a commOn practlce to construct septic

' fields between homes ‘and lakes. This procédure often results in the pond. or
lake rece1v1ng nutrient-rich discharge f;;m 1 the sept1c fleld. When ‘this occurs,
some of the aquatic plants present will greatly multlply to«take advantage &f
this enrighed 51tuatloni In such a situation, thé resultant- aquatlc vegetation
is just a symptom of the problem, the problem 1s one of nutrient enrichment
due to misuse. This control almed at destroylng ‘the plant, without - correcting
th8 situation which promotes thelr grgyth is- prohibitively expensive and most. -
often . futlle. Such. symptomatlc relief 'is ysually temporary, or in many céses,
the destructlon of one form of aqugh;c vegetatlon,wlll simply result in its

replacement by another form. If llght andanutrlents are avallable, sonle plants

Wlll come forth to use them, unless the water 1s utterly p01sonous, as in a

.

chlorlnated swimming pool. o s o - 13,
" . s (R4 .

R

Any pest co trol operator who ignores such c0ncepts may mlsrepresent the
service he 1s attemptlng to perform Therefore, the ef‘ectlve control of

‘aquatlc pests requlres the understandlng of what constltutes a pest, why it

ex1sts, and how to select and apply the Qest combxgatlon of all approprlate
—

control methods, 1nclud1ng gnv1ronmental .Riologidal mechanxcal and chemlcal.

The* 1nformatlon in this manual applies to. the c0ntrol of aquatic pests 1n.
: o . \ e { ’
. o~ [ - . . . . .
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»_hereby given to ‘these sources. The detail

.references in Ap%a:dix 1 for additional amd more detalled description of

v

'éQUATIc VEGETATION ¥. | e e

t o~ ’ 'd ;
. v s - .

B whenVEqnatlc vegetation becomes a pest it is thus considered a weed.
The first step towards preventlon or control of these aquatic weeds is to
identify them co?recﬁly. Most aquatic control methods are alméa at speclfic\
plants or groups of plants W1th s1m11ar growth habifs. Aquatlc plants can

s

uped as follows: e )
. ’J -

® Emergent aguatic plants - plants that grow standing out of the water,
or in water—satgrated So0ils. Examples are cattails, bulrushgs, and

‘X ' R 4
arrowheads. _ . ;o N : B

» . .

-

; - . o
o/§y6mergent aquatic’ piants - plants that grow under the water surface. ¢

S Exgmples are pondweeds, nalads, coontalls and waﬂermllfolls ) . .
\ . ‘ .

e Floating aquatlc plants - plants that float ‘on the water surface.

Examples are duckweeds and waterlilies. 5 -
- [P Coomes ' f
° Algae - plants w1thout true stems, leaves, or'vascular” systems. v

Examples are waterneti‘plthophora and chara.

N ) )
The fo low1ng flgures ‘are intended as an rntroductory guide to .the -
\}dent fication of aquatic plébts and were taken from larger comprehens1ve o //

‘works of \Fasset, 1967 and Correll and Corre;lk l972 Acknowledgement is

dent1f1catlon of aquatlc plants is

a highly technical task  which rQQulres the accumulatlon of a good library,

a reference plant’ collectlon and years of exper;ence.; Those seriously’ \\

nterested in attalnlng a .high degree of competence are referrednto the selected

aquatic plants. ' : _ Tl w -
s . ° . . -



F-HELP 'QUESTIONS ON AQUATIC VEGETATION :
g S R
‘ Now that you have studled th s secgtion, éﬁkwer the following questlons.,a
Write the Qnswers with pehcil w1t ut referring back to the text. When you’
are, atisfied- with: you wrltten answers, see if ‘they are correct by checklng
them with the 'text. Erase youy answer a d write in the correct answer;}f ’
your first answer is wrong. - Note that these questions are not necessarily those
that are hsed in the certlflcatlon examlnatlon. -

[ ) o - , o E
v N . .
1. . what is the first'steE toward prevention or_ control of aquatic weeds?
: . » - : ’
uv . . . ) * .‘ P >
2. List briefly and’explain t?e'four groups of aquatic plants. )
. . 1_. o . (‘ .. ‘
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i . ", e n‘, ) : . . . PLAN':I‘MANAGEMENT " . d o | - . h’
’ Every aquatlc plant management program should have two phases aflong-‘J -

ferm'phase and a short term phase. :
A Longcterm.phase;l Although oommercaal pest control»appllcators wlll

'catlon of long—term control methods, it 1s v1tal

rarely be involved in the ap'
that they understand'me 1mportan e and the=role t at they play in- aquatlc vy:

plant management so that they ca better repres nt %helr serylces and 1ntegrate

Baslcally,/Iong-term control:- 1s the control

R

‘ of nutrlent 1nput ;nto the. aguatlc env1ronment Examples of sources of .. .-

them 1nto a totallcontrol program '

nutrlent\enrlchment aredomest1c and 1ndustr1al waste water, agrlcultural runoff,
urban storm ‘watér runoff sept1C~tank d1scharges, iakeshore lawn runoff soil L'4

' eros1on and sedlment recycl}ng; Thus, 1n the long run, aquatlc plants must -’
ultlmately be contrqllqd3by proper land use, wise consumer u;§ of commerc1al

products, treatment of 1nfloW1ng waters h1gh in g r1ents di ers1ons of water

hl h in’ nutrlents and mnn1c1pal an

m' e. detalled treatment ‘of thls su

1ndustr1al wa’ te water treatment., For
: T :

bet, readers¥ re referred to the Mlchlgan

epabtment of Natural Resources publlcatlon on Aquh'lc Plant Management

L

,,shortherm Phase~\JShort-term control methods 1nclude env1ronmental

meéhanlcal and, chemlcal techniques.- ':"" - ;;rﬁf«*7‘ ‘ -
_ cE o L "‘?}”’ﬁ T T S Y R
Env{ro%gental Technlques Lo T “',',,/m,;_f; B e T T e

K Pond andrdlt ! des' d nstructlon Proper des1gn and constructlon S

- of ponds 1s anqlmportant facto "in preventlng aquatlc plant problemsl» ‘A,

,shallow water at tHe marglns onds prov1dés an: ideal habltat for

emergent aquatlc plants ugh as cattall ’ Subﬁergent aquatlc plants can .

/) eas1ly become establlshed there and then spread into- deeperrw‘ter. Banks . . )

- -

should be sﬁoped steeply so that there is very lltu&e water leij‘fhan 2 orlfif

N , . _ o

3 feet deep' ’ '..’1 . ‘.a.' Ta » '. ST T w. j(\.

. ¢ RN : : . . . ;
~ Proper design and construct1 n of d1tch§; and channels makes plant

LS. -

contr easler in the future.- If the banks - are leveled and smoothed

hé/d ~to r@ach p;aces‘w/ll be: elamlnated L1n1ng canals w1th plast1c '

e will-help in alleviptlng aduatlc plant roblems. : |

a f L0« -7,

/. ‘ ) o' ’ ‘F, o ‘,\'\..’




.. Draw'down{ draining7ané drying”' Some ponds,. lakes, canals and d1tches B

may be ‘drained sp aquatlc plants Wlll dry, THe water levels 1n some
: kprge lakes agd rese§y01rs may be‘lowered enough ‘to expose plants in ﬁ ;”a{
'J_shallow areas. Drx\?gaperlods of’ several months may\be néeded. to control;w?”
jﬁ.plants 1n some ponds and. lakes. - In canals, it may not be pract1cal to

v

1nterrupt water flow for longem than 3 or 4 days. “The season of yéar and;

specles of plant'present ﬁay detefmlne whether this- method_wlll be useful{ B
‘-jffa partlcular s1tuat10n. Be sure to cons1der the res1dent fl%? Spﬁcle512~,'

o and the1r normal spawnlng tlmes.

[ ke

'lcexpenslve, the effects may produce longer last1ng beneflts.v

-

€, /

"gjnllutlon or dlsplagement Dllutlon of low qu%llty water with water of
ﬁihlgher quallty may lessen aquatlc plant problems. ;ngever, a supply of ‘fﬁiz‘
"h%gher quallty replaCement water must be avallable ds' well as an’ acceptable
means - of dlsposlng of the lower quallty of water Further, this procedure

-may simply displace the problem downstream

Q,Aftificial aeratiQn.<\;rt1f191al aeratlon 1s the introductlon of: air- 1nto
deeper wafer of the.lake for the purpose of 1ncreaslng ‘the amount of oxygen 'ﬂic
'1n the water to promote ‘the decomPOS1tlon of organ1c sediments. Keeplng o
oxygen in the bottom waters Wlll reduce the rek ase of nutrlents from the ‘;vjfﬂ
sedlments and agklong as nutrlents rema1n chemf:;llyrﬁound in the -

“

'sedlments in the deeper parts of the aquatlc env1ronment they are le S

\\avall&ble for aquatlc plant growth" Some d1sadvantages are that aera
‘may be detr1mentaI to cold’ water f1sh by m1x1ng warm surface water wl'h
lower water,fand may ancrease the amount of sedlment in the yater. ¢

.ArtlfIClaﬂ aeratlon, 1f applled at’ the wrong t1me or in the wrong situation) '

may krll fish®and mncrease plant problems. IR S ,
. a . < N ‘ : : ’ : ' ' .

e . e . ., . . :
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. © : - \"‘\ \ -
® Covering of bottom sediments: The use of sheeting matersals such.as

black plastic”and/or particulate matter such - as .sand or clay to cover
the bottqm~sgéjments can perform several functions in controlllng .aqua

-~/ plants. It bPrevents exchange of nutrients from the sediments to the
water’and it retards the growth of rooted aquatlc plants. Although
bottom dwelling animals are usually e11m1nated by this method, the small

) scale of such app11catlons has llttle effect in a lake ecosystem. Gas
-produced in covered sediments may rupture the bottom seal, causing it . “*°
to float™¥o the surface, if the seal is not adequately perforated to

alleviate this buildup.

. . )
DY )

Biological Techniques

. - .

Biological control is bresently the least developed and utilized of all

aquatic plant management technique;. ThlS ,method involves the 1ntroductlon

of an organism that competes with, preys upbn, inhibits the growth of, causes
‘dlsease an Or parasitizes an existing plant. Limited success has beeh )
achieved in the tropics with the manatee, certain insects and fish. However,
control ingnorthern olimates has not been demonstrated, or else/ the organisms
have the potential to become pests themselves. For example, waterfowl, ‘such

as geese or swans, may consume rooted .plants, but may also cause other problems
such as swimmers'itch ‘increased bacterlal contamlnatlon of the pond increased

nutrlent cycling» "and consumptlon and deflleme of lawns.

Mechanlcal Technigues

N N
a

‘It may be necessary to use mechanical methods to control suhnersed p1ants.

Sources of water for drinking, for livestock, and for(flsh ponds often cannot

be treated wlth chemicals. |

. Chaining may be practical in some instances, particularly in canals.

® Drag lines are useful for cleaning canals and margins of lakes and ponds.

ERIC - -
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e Cutters are used in both canals'and lakes_for Cutting'plantsh
. ‘ ’ LN

Some mowers simply cut the plants.loose‘beneath'the water- surface.

Others‘(aquatic plant harvesters)‘collect the, plants for removal f¥om' the

water. blsposal of harvested plants may be a problem‘but local landowners
will usually pick. up all the materlal because- 1t makes excellent compost and
mulch: Most methods of mechanlcal control fragment the plants This may

7
actually ald in the spread of most species of plants, s1nce they may reproduced

-

from the p1eces Mechanlcal control can be comparable in tlme and cost to the

-

control of the same - plant w1th ehical. Mechanlcal control can be restrlcted
to a spec1f1ed area, and if done at the proper 1nterval, can give more. long—
- - SN Y]

1asting control than chemicais. L , . s .

K

-\

- 3
. - 7 . Y

~~One form of mechanical control often overlooked is manual cutting and

'cleaning For a small beach area or an area 1mmed1ately around the boat1ng

and swimming dock, frequent manual raking or cuttlng of rooted plants w1ll

' - lead to their destruct;on because the plants will not be able to produce "
. . \ .
sufficient food. to maintain their root systems ~ Like weed1ng a garden, it is -

advantageous to attack the plants during the early stages of development e

.

-M ’ / . - .
Chemical Techniques Se ol

Chemical control has, for many years, been the primary means of'temporarh
e
ily controlling aquatic plants. There are a number of chemlcals avallable .

which offer varying degrees of action time, pers1stence, cost select1v1ty

and safety to humans, other mammals and aquatlc an1mal life.

'S

The best time. to apply chemicals is during a caim sunny day after water

. temperatures have reached 50 F., or when plants first show signs of growth
For lakes where a large segment of the surface area is involved in the treatment
the lake should be treated in sectlons over several days to avoid oxygen loss
and consequently the. loss of aquatlc animal life as the plants decomp0$e '
Report immediately any environmental damage or death of large numbers of nontarge1
aquatlc anlmals (flsh frogs, crayflsh etc. ) to the Bureau &f Water Management,

. Inland Lake Management Unit, Steven T. ’Mason Building, Lan51ng, MI 48926

-~
. e )

ERIC )
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It is.important that chemicals be used with extreme care. Those =
- chemicals that are highly toxic to man require “special handling such as
proteoﬁive clothing for application and posting of treated'water so that

innocent Swimmers or fishermen are not. exposed to poteﬁtially harmful chemicals

o’

Before applying any chemical always read the product label ‘completely and

follow all instructions. j Take speCial note of all warnings on the label to

“

avoid any personal injury,and dispbse of all empty chemical containers
2 = .

A list Qf commerCial applicators licensed ‘'by the *Michigan Department of

Agriculture to apply chemicals and oﬁh_p pestiCides to theﬁgpuatic enVironment

is available from the Department of Natural Resources, Inland Lake Management

Unit. Additionally, the Inland Lake Management Unit is’ availgple to answer

v

questions which may arise conce;;ing7chemical control of aquatic plants or other

B

aspects of inland lake manageme -, ' - : _ '
. . . . Ty

3 , dn : o ,
When <hemicals are part of an-aquatic plant management program, special

care must be taken to protect both the environment and individuals intolved,

since herbicides are potentially dangerous to both. To promote the proper use .
. of pesticides, State statutes (Act No. 245 of/fhe Public Acts{of l929 Act No
58 of the Public Acts of 1959 and Act No. 41 of the Public Acts of 1955)

have granted regulating authority over the application of these compounds to

i

the Department of Natural Resources.' Therefore,'a permit is required from the

}gepartment of Natufal Resources prior to any chemical treatment ‘of waters W1thin B

the public trust or private waters which discharge to waters within ‘the public

.

trust ' Application forms for a ‘permit may be obtained from the Department of

Natural Resources Inland Lakes Management Unit, Steven T Mason Building;

] N
- - §

. LanSing, MI 48926

1

Lt is important to p0int out that the use of chemicals to control aquatic
plants has many drawbacks, a few of, which should be mentioned Most chemicals
are nonspecific. In other words, even those aquatic plants which are
desirable may be killed-along'with'the-undesirable plants. It is also
difficult to control the drift of herbicides, conSequently plants may be killed

intended. - If too great a mass of vegetation"is

over a much wider'area-th
killed at one time, the d composing plants may deplete “the organisms in the Ca

water, resulting in a fish\kill.’ Additionally, chemicals give very temporary

control. For coptinual control\ treatments will have to be repeated for as

many years as. control. is desired. In lakes where chemicals are used repeatedly

[,
g
I
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on a large scale, dramatic'shifts-in plant populations can occur which may ) |
serlously alter the lake' s[ecology To help prevent such alterations to '
lake ecology thevDepartment of Natural Resources will not issue a permit in

instancep where treatment of more than one—half of the, rooted aquatic - . &

vegetatlon is 1ndlcated g

’

Chemicals used in aquatic weed control can be grouped 1nto three

categories: herb1c1des,-nutr1ent 1nact1vators and shaderé.p?

/
AN

Herbicides- Herb1c1des are chemlcals whlch p01son plants, they iﬁF

toxicants. Herbidides used prlmarlly for control of algaé\are-called alglcldes,

even’ though they may also kill other aqu c plants. ) g e : R \\\
. Lo - '

= Nutrient Inactivators: These arzxahemicals-which, when,applied_to an

aquatlc environment, bind with or oth ise’immobilize the ‘hutrients necessary

Ay iea, o o b\r«\
for plant growth. Once 1mmoblllzed the nutr1ents SEttle to the lake bottom.
Chemlcal substances used to immobilize and Settle out{hutrlents uhually cqn— .
tain a met&l such as iron, alumlnum or calcium. The settling process may also 2

reduce suspended SOlldS and decrease turbidity and color. In ,addition, when

applled in sufficient quantlty,,these groducts may also serve as a nutr1ent
- . .
. barrier at the sedlment water 1nteyface. . A . -

’

Smell

Shading Chemicals: These are inert chemicals whlch reduce light penetratlon

in-the water for prolonged periods. . By regucing llght, the chemlcal prevents
plants from conducting photosynthes1s and produclng food ~and thus llmlts

the1r growth
~ . : T, B ) . .

- -

Control with Pesticides o : : . J

)

Aquatlc herb1c1des are. avallable in several formuAatlons
T |

Sprayable Formulat;ons / Most herbicides‘are forMulated to be mixed with®

!

a wéter carrier and sprayed Bome perform best as aquatlc herbicides™when
applled into static or flow1ng water so that thgy disperse evenly and contact

underwater surfaces of plants Kinds avallable are:

® water—soluble powders or ~crystals that form truL‘solutlons in water,

® wettable powders that can bg suspended in water and applied,
" @ water- soluble liquid conce&?rates that form true solutions in water,

e emulsifiable liquid concentrates that form ordinary "o0il-in-water" ' - ‘

/emulslons 1n water, and

b
e spec1al liquid concentrates that form "water- 1n—d;3" emuls1ons (called
. . . . . AY <
Q ’ 9 ' N C . '
ERIC 1” | -
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1nvert emuls1ons) when mixed with water and 0il in the spray tank or
’ z . ' .
A mhen applied throu/p igeclal mlxlng nozvles / Y N
. " ' - e . A
3 ~ ) -

- Granular Formulatlons Many" aquatlc herb1c1des are used as dry g;anules

¢ of varlous sizes. Kinds" avarlable are. , ’ e
) granulated pure chemlcals, such as, crystalllne _copper sﬁlfate, ) ;v, s
° granules or larger ~-size pellets of dlay and other matenials 1mpregnated
‘with active 1ngred1ent and Co o h S N .
- slow “release granules or’ pe\léfé des1gned to release the actlve 1ngred1ent
. in small amounts over an extended perlod of time “in the water.

LN . \g‘?’,

Application Techniques . _ . . ) ‘

L}

. ' : 4 ’
'Four~zoneS'of a body of water may be treated:

e ’ \ ! P

° the water surface,

° the water volume,

~

"® the bottom 1- to 3-foot layer of water,. or

e the bottom soil surface.

[
.

, ; Tt
Surface Treatment: In areas of .a lake where llmlted c1rculatr6/‘ex1sts : ;;

,

(bay or channels) and/or plarnt 1nfestatlons are part1cularly dense, oniy 1/4 to
1/3 of the treatment area should be treated" at a t1me w1th approx1mately a three
week 1nterval between treatments. TIn this way the flSh communlty is protected
)'fromtpxygen deplet;on by ‘plant decompos1tlon Surféce treatments are employed
where the product label designates dosage accordlng to surface arg¢a such as .
lbs/acre or gals/acre. Surface acreagé of a rectangular body of water equals

length in feet times w1dth 1n feet d1v1ded by 43,56 _ e ~

. : . . : : e ' e

Volume Treatment: As w1th surface treatments 1t may be" necessary to treat

part1cularly dense plant growths or isolated areas of a lake in segments to pre-
vent o&ygen depletlon and resultant f1sh mortalltles ’ Volume treatments are

remployed where the product label des1gnates dosage aCCordlng to volume such as’
T

lbs/acré-foot or gals/acre—foot * Free floating algae is. One plant . form

o

controlled through volume treatment. ' o .

Aruitoxt provided by Eic:
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- The concentratlon of chemlcal needed to klll aquatlc planés is often 3

Y.
very small and ‘is stated in parts per mllllon (ppm)

N ~ -

. 7'] ’ : . ) .
"If the tox1c1ty level of a certain chemlcal for a part1culaF aquatlc plant

.

5 is 2 ppm of actiye 1ngred1ent for example,,the chemlcal shou{f/be applled

“at a ratlo of 2 pounds of active 1ngred1ent to. l mllllon pouhds of water in

the\\rea té;;;>treated. b : ﬁ . -_':' :

C

J//?lrst calculate the acre feet of the body of water to be treated
Multlply surface acres by the average depth in feet.” An acre-foot of water '

‘welghs 2.7 mllllon pounds. If ‘one dlssolves 2. 7 pounds of -any-material in 1

3

acre- foot df aéer, there Wlll be a//encentratlon of 1 ppm by welght (ppmw)

Use the following formula to determlne the matgrial needed to obtain a de51red
) A
ppm coné%d%ratlon v _ o ' ) ¢ . -

‘-

2.7 x ‘ppm wanted x acre-feet = lbs required . ' o "

v \ . 3 . .

o Assume one wants to treat a pond contalnlng 10 acre-feet. The concentration

uof actlve 1ngred1ent requlred is o. 5 ppm. Using the formula:

. _;;_'._, . . ~ v - ) . . -

"2.7 x.O.Sﬂx 10 = 13.5 1lbs of active ingredient . s C ' R

o . -~ '
Bottom Layer Treaﬁment- Treating the deepest 1to 3 feet of water is

espec1ally useful in lakes where treatment of the entlre vSlume of water is
desirable. Such treatments are generally made by attachlng several flex1ble
hoses at B~ to 5 foot 1ntervals on a r1g1d boom. Each hose 1s uéually equlpped
wlth some type of nozzle at the end. They may be welghgpd to reach'fhe depth ‘
desired. The length of hose and speed of the boat carrylng the. appllcatlon

’ equlpment also affect the’ depth of appllcatlon. Successful bottom treatments

apply the herb1c1de as a"blanket" in’ the lower 1 to 3 feet of water.

BN
¥

v Bottom Soil Treatment: Herb1c1de appllcatlons may be- made to the bottom
5011 of a dralned pond, lake.Z{d;Jpnnel. Bottom soills may.also be treated by
o A

esiéned ‘to settled into

\applylng granular formulétlon the water that ‘are

1

“the bottom soil. - ‘ . N

ERIC

Aruitoxt provided by Eic:



\
-
)

Plant’ Control in Static Water ~. Lo , . .o ) o

-2

- !

Static watgx is water in ponds, lakes or,&eservoirs that has_liétle or

no 1nflow an flow. Even totally enclosed bodies of water often have,

»appreclable water movementvbecause of wind aﬁd other factors. Plants i o ‘

commonly grow .in 'static water up to 12 feet deep Iﬁ very clear water, however,

plants sometlmes grow 1n water 20 feet or/more in depth.

. - . S ‘ . T
Flpating and-Emergth Plants , NJx/ o co

RGN '

emergent 'lants. hese. plants are klﬂled by d1rect follage appllcatlons of the

sprayumlxtureé . i R

‘ | : j ;\,’/ 6
' e by aircraft, s ® ’ o

. I3 ; ’
° with-ground equipment, operated f om the bank if the pond is small

be » ®

. Submergent Plants and Algae

) . . ‘ v : ) .
Heﬁblclde formulatlons for control of submergent plants and algae in e
statlc water maylbe sprays or graJZles:- N B v . '
< = 9 ' v v
Sprayable Féimulations:< Her icide'sprays are most offén applied as ' .
I ) 7
water surface treatments, partlcﬂ arly in shallow water. The herb1c1de is ', 4
d1spersed throughout the water bT dlfqulon, thermal currents, and wave actlon. '
7‘ . l
Sprayé%le herb1c1des can\he/appjﬂed under the surface oﬁ?
~ o - - * . 1 -. : - ‘ L, ’ 1
e injection through a hose pulzed,along behind a boat, or * - -~
e injection idinto thefwater by booms. o ' ‘ ‘ - ™\
. . ) . ~ ( . ‘ . . - .
- In all instances, control of ‘thesplants .depends .on good dispersion of the
Cchemical in the water.. I B : : L ‘ ' .
Sprayable herbicides SOmetimes are used for-bottom soil treatments.'
/\- / 1
One of thg b%fg‘herblclde appllcatlon strategles for Statlc water 1s
as follows: o : ; _ 'W' : }
’ : N . o ‘ - D
! ;%. ) , \
RS \ ~
) ¢ { - ‘ B
J “ .
/ %

B AT R
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L. Divide the lake or pond to be treated ire- segments of ‘a size = i 3
K -
‘convenient. to the Situation and to the application equipment
4" +
available . Mark these lelSlonSrwlth ags on shore and bupys S
' \ - ' \ - ‘ -5 I3
in the water . . o ° Y ; : -

2. Survey each segment of the lake or pond, measuring length of -shore-

_ :line; depth, surface area, or wha ar~4 s. necessary to égtermine the

. N e .

. amount of herbiCide needeG" P i DRIV : s,. S
3. Calculate ‘the amount of herbiCide necessary to treat each segment : Yo

< -

4. Make the first application in the first segment along the shore1ine,
R estimating the applicgtiqn rate askcarefully as pOSSlble” Thg amount
of material uséd in this first application run wlll enable you to
more accuratgﬁy estimate the rate of a plication necessary to apply

all of the herbiCide needed. to’ properly treat the first segment

. °

'5. .Repeat the procedure described ‘in number ‘4 above for each. segment Cg

\

of lake or pond ‘ _ ’ I T - a p
., By using the above procedure, each segment of the lake will receive exactly

the amount calculated as necessary, even if the amount applied on each

 application run is not exact.’

Some .sprayable herbicides mayibe applied from aircraft at low volumes 05

5 to'lOigallons per acre, but drift is always a potential problem.jﬂyhe use

of invert emulsions rgduces'the possibility of driftf .
. : . "

- R} . o

v Both surface andinjection treatments rifade by boat or ground equipment are.
_ more effective and are- eQSier when larger volumes of llquld carrier are used.,
A handy sprayer for m ng applications by boat usesa speCial pumping ’
{(system that ‘draws water from the lake or pond as the boat moves along. Con— _

: entrated herbiCide is metered;into the pumpqd water to achieve the concentration

required . This avoids both frequent interruptions to, .prepare. spray solution j;

. . A

nd the need to”~ carry water on board. iy » o

O - G
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/,'Granular Formulations: The: main aquatlc use oOf granular he 1c1des oA

is for control of algae or submergent plants\although some are effectrve on
Q‘

certa1n emergent pl%pts. Because granules sink’ to the SOll surface, th {

T

‘e

Aperform about dhe same,way as herb1c1des/applled aS“bottom s01l treatme tSa

sAppllcatlon rates for gran lar herb1c1des may be based on: ot

. 'IQ
%Plt off surface area, or- ‘_ ! .

e amount of hsrb1c1de L
that would .be ach1eved 1f the. same amouqt of

vherbicide QEne‘dissolv and . totally dlspersed if the water (total water

. . . . 'v - /
< R . N

. -

Granular herbicides’ perform best. when dlstrlbuted evenly over. the water

volume treatmentl;

¢

surface They may be broadcaét by hand or manual spreader over small areas.

"Spec1al granule spreaders mounted on a1rcraft§ziazziﬁg are used for large-scale

7o .

appllcatlons. - e

Advantages of granular herbicides are: a ‘ f - -

e treathent is usually cbnfined to the bottdm where the'submergent plants are,.
" ® they can bée made to prov1de a long contact time with plants (slow—release
granules), ' '

o the herb1c1de concentratlon can be held to a low level, and

-

e, they make it pos51ble to use chemicals ‘that in other formulatlons would
‘be to ic to fish. A ' Coe ~ﬁ_ i?-

a

. : : N
\Plant Coptrol im Large Impoundments- - ' ' /Z

”9[£lClde appllcatlons that are successful 1n“§m ITer bodies of water often

perform poorly in large 1mpoundments These 1mpoundments often have much wa%er-

S L

movement caused by thermal currents or the wlnd -

- . . _ )
Plant control may sometimes be impxoved in these sites by:

!

® using the maximum recommended application rates,

® treating relatively large water reas at’ one time, . L,

) applylng herb1c1des only dur1ng eriods of m1n1mum wind, = - T

\ L - »

[ ..
. ® using bottom treatments in; deep water, - Y - C ’;;
. AV

® Using granular formulatlons whén poss1ble, and \. ‘ : 5’1’Q

° selectlng herb1c1des that are absorbed qu1ckly by the weeds\._7

4 \ - B [
. i .
, o . . , . \ . R . e
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Plant Contfbl in Flowlng Water L : . 1
. ' : . .

. Aquatlc'plants ,are ?1ff1cult to control 1n flow1n? water since it 1s

N

dlfflcult to reta;n tox1c levels of a herblglde 1ong enough tQ achleve

adequate control . Also the potentlal for contamlnatlon of downstream waters

\

e llablllty 1nvolved/w1th_such contamlnatlon place severe restnlctlons

on
s

owlng‘water spec1f1catlons in their

‘s

e b1c1de use in flowing water Addltlznally, since most herblcéges

. reglst rgd for aauatlé/pses do not cargy £

I
labellng, such appllc tions Ln'many caseSJmay constflute an 1llegal act1V1ty

. \.. ie"~'
.‘:__
Set

‘Plant Control An lelted—Flow Waterways u' J;” o R

. -1 . &
’ Flood dralnage canals({sloughs and“dralns are good examples of llmlted flow

. waterways. Plant*control ethods in these systems of little water movement

po sible con-
\

are very 51mllar to those sed in statlo water. Consider t

in, llmlted flow water some areas, dralnage water may flow dlrectly onto . ¢
4
cropland or be used for rrlgatlon, gﬁ it may enter a fig] ery or drlnklng LW
water supply - In certal s1tuatlons flow may be stopped for the required
interval before use.' T 1s'procedpre/may also 1ncrease the effectiveness of
treatmentaand reduce th¢ amount of ¢hemicgl required '
'i '
e RN = . o
er .~ - ) » -
_ ! s
. §
- s b
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! ‘ SELE‘-HELP QUESTIONS ON PLANT MANAGEMENT : x”
- ! L

13

P

Va4

L4

N wa that you Rave stud;ed this section, answe; the following questlons.
Write the answers w1th P c1L w%thout referring Back to the text. When you
are satisfied with your itten answers, see 1f they are correct'by checking
them with the text. Erase your answer and write in the correct answer if “ L
~ your first answer is wrong. Note that these questlons are not necessarlly -
those that are used 1n the’ certlflcatlonnexamlnat1on.- v

v
.8
1
,

1. ‘What is long~term control??_’ /9' ' ' ‘/. ' 4
: ' » et ‘ . . - oo

. : \‘ N , .
. , . . . -

A 27 How should pond ‘and d1tches be de51gned to prevent the growth,of submergentg
' aquatlcgweeds° o o ‘ S ¥

.-

'
t

-

3. What factors must be considered before decldlng to\araln or, dry out’ a
particular body of water to control aquatic weeds° . . . //

v

C S o

4. Does a temporary increase of silt suspended in the water usually cause a
’ .s1qq;f1cant amount of harm? * . - :

\“ N . _‘" ,_,'

. ’(* - - AR

5. Can dilution of low quallty water' with water of higher quallty 51mply dlsplace
the problem downstream?

- . v L ‘ - o -
'~ 6. What is artificial aeration? gy C ' . C S

p)
H

7. List two results of ooverQng,the'bottom‘sLdiments.
. v y ‘ .

-]

o . . p ,
. 8.. Is the introductlon;o an ‘'organism that competes w1th dn ex1st1ng plant.
an example of blologlcal contrbl? ' .

. ' ‘ . N ’ . N . R fn

!
R .

9. List three mechanicalutechnlques of aquatic’ weed control.
A . . - .

El{lC : | )
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10. What is the best *time fo apply chémicals for aguatic -weed control? . ,_‘
. oy x VR . ' ) . ‘o 8 '
_ ‘. . - . ,
“ . ot . . . - . . K
. . LT P i . . . ' -
1. List the three categories of egemiéa' used ifh aguatic weed controLé -
. oA : L
. . . . . . IR -
¢ . ' Lo ’ L
Fai' ) o : - »
%@;&2, List four types of sprayable pesficide formuragéons. e
s ‘ D ! .
\ e ® B . ( ‘,,\ -D% 4 i
\ g v . . 1. .-
, o - .
» \ o gml‘ : o B
13. \ List three types of granuiar pesticide formulations. - Ce L J’ g"
: ! .- . . C - PR ’ v e s €
'\ 4 i PR P ‘ 4 .
. ;\. B :’ ’ /!. . K . R L . . . e [ . :"1, ;. T .
‘ A N g . A
. 14, Saé 4 the entlre surface of'! laEQ with: llmlted c1rculat10n be treated at'{
il o C.é\? A L _ T
o ’ . fegp-,
15. active ingredient shouid be. used to treat a lake contaimjng 75
A eet w1th 20.5 ppm concentratlon of actlve 1ngred1ent? . £ "
P X i

!

) . '

affect t th o appllcatlon?

¥,

_fi;t .Does theﬁé egg of the ‘boat .carrying bottom layer appllcatlon equlpment
h . :

~17. Must herbicide\asflraatloﬁ% for bottcm 5011 treatment be made to drained bodies

_ - of,water only? \: _ e _
LI _—_ S Co :" ! . : . ’ P
18._ _¥What is static water? = ' . o .
- - . R A . . . . ) -
( | e o : L .' : o B ‘
19. %ﬁmt type of herb;c1de formulatlon is usually preferred for floatlng and
emergent plants? . . ) i . « *
* . “ '0' " . e " ‘ . ) r - ol
' N e L L I -
--20. ’'How are herbicides dispersed throughout the water?
' Pal v s _ c.
. « ' & ‘ . . v._e ) . . /_/ . , "“-/
. : : ot . - .
/-
, Ta? T
\ . N L : 4
. ;
> oy ) ' -
{ . 1 .
X w . . . @ 1
o - . .24 R j

ERIC

Aruitoxt provided by Eic:



.y ' : > o k BT e L \
T B T t /50 - . B ca e - K
, , . }
P ° e P - ¢ 1 Va R £ »
R . + "
YJ' - ~ \_

X " . " Lo AR T .\A
\ ‘o \ IR Y . e . /‘/
21. List(at least ghree'advaﬁtages oé\granular herbicides. , . '

e P . . "’}
. e R A
) . s - 3 -

RS
- ’ . e T TP P
22, LlSt at leastvf;ve ways to 1mprove aquatlé piant contrwl 1nv1arge v
- 1mpoundments. . e ; v ' o\ T
. R ' ot N ~ . .. - .
- J . .. . . Ciea
, TS ) -
i Y - = . . N 7 ., . ﬂ;
. . o S . Tem -
R TN s , :

- 23. " Do most., herb1c1des reglstered far aquatlc ‘uses carry floW1ng water

' spec1flcat10ns in the1r 1abe11nq9

. RN 7 ) .. . . . .
24. List two advantage@ of stopplng the flow of water in a 11m1ted—flow
waterway for a certain interval before ‘use. - -
2 - v - .
BN » -
~ i
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, 5 B kY
4 . N .
- e’ \ h
°
~N . .
O ’
. . L) . R
! . . e , ; . _
g ‘ ’ . R ) . A
i o
L] -~ .
S - - s . -
e N a
. é 1
%. - . Y - ’ ‘ . N
3 . . -
. : .

<
<
A A
> ,
+*
. r .
J- , / 4
.
R -
. .
¢ < e
- - T ’.
- - - 7 »
- <3 - v . ‘-
r , -
Q - ’ - . -
~ , -
. . . < .
4 ' \ o : ’ ) .
- ) PO \
% . “ 4
s i . , S - . * *
' - - A {k . - o
- il “ . - t
- - ’ -
2] . . AY . ) .
3 - e o ' . . -
- " ’ ° “ + . ) ) .
R . E T . . o 25 : \ -
y ) s o i o . .
Q R . - . .

Aruitoxt provided by Eic:



IR | | /
.o "« %7 ' VERTEBRATE MANAGEMENT i
, : 2 : .

- . . vl . .

-As with all organlsms, flsh may become pests when they - - "

~.
2]
'_l.
0 - f
oL
T 3= .
f
”
‘
L1}
t
.
.
4
[y
.
1

P

.o.compete w1th more*de51rable fash for food space and other necessltle; A
of lﬁe, ' 'é, _ o e R i S
/)Q ° prey or feed upon more désﬁrahle flsh RETUETA = N ;';; '
1. - ane des1rable for a glven userbut have become over—populated and stunted
s . affect manks 1nterest or llvellhood ) o ‘4_‘1‘ . fra“a o ﬂ S

. SRS SR N B ST
Control - L : : S

. -4 \A - B . . B
The co\trol’of flsh populatlons most often 1nvolves the removal of exctlcs,.

|

‘'such’ as goldflsh or lampreysa,or of rough f1sh such as carp or, suckers, or
ol
of less de51rable fish, such as plke, for the. beneflt of de51rable game fish.

In many cases 1t 1s necessary to remove all fish’ becagse one or more g

spec1es has become overabundant and stunﬁed

< " - . S

L

The control of pest flsh var1es with each 51tuatlon and spec1es. " Some
/froblems are’ not serlous enough to Justlfy any actlon. In other sltuatlons,

ontrol 1s necessary aﬁd can be Justlfled on sound biological grounds.

Nonchemical Control-- includes temporary draining of Small“bodies of

»water or us1ng physlcal methods such as traps, nets or screen barrlers, or

i

‘ barrler dams. 3 " : : ‘ B e B
. \"‘7 \i‘ ﬁ’?‘ ' ¢ N ' oo - .
Chemlcal control., requ1res the use of pest1c1des, or flsh tox1cants. 4 N

The use of flsh control themlcals is:a h1ghly speclallzed area of pest control.
‘Few_chemlcals are reglstered for-thls purpose. Use special care when applylng

them. A permlt is requ1red from the Fisheries va1slon Michigan: DNR. The

R
amount of f1sh tox1cant r qulred 1s determined in the 'same way as._ is. the“'

amount of hérbicide needed Csee s/ctlon on»herblcldes) However, because

leh are mobile ‘and can- av01d treatment 1f.p0551ble, appllcatlon strategy is as
C ke ! .

'1mportant as ﬁg;e of appllbatlon and uniform treatment. It 1s 1mportant that
fl areas that" potentlally barbor flsh be treated especially shallow areas

l~and under water sources.- Treatment should be completed in as short -a perlod ‘as
- 7
.. . . . : . rE . -
' Ty T @ L3 ¥

)

‘
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poss;ble,‘preferably one day.’ Some wave action i's desirable to disperse
the chemical; otherwise runnlng a motor boat may be necessary to mix the’
chem1ca1 thoroughly with _the water Slnce a11 pest1c1des are affected by

water %emperaturen application t1me and rates must be adjusted accordlng

to water temperature - T .
) ’ ’

MAMMALS

"Rodents cause the most serious problems. They include: = . ..

\

® beaver,

e muskrats, and C : T . ' . .
R . - ’ - . . ’
-@ .rats - : , S . . : -
> 2 . > .
Damage 1nc1udes: A 4@"

[ burrow1nq, which™ structurally weakens earthen dikes; levees .and dams;
causes wates/ﬁosses or floodlng,.and increases erosion of banks,.
® increasing suspended sedlment‘lnzwater;

e cloéging culverts or water pipe intakes. with vegetationhcu%*duridg
vfeedlng or nest- bulldlng activities, resulting in floodlng of crops;
trees, roads, etc-' ]

™ blocklng stream flow, rgsﬁlt;ng in floodlng, A

.J consumptlon of des1rable aquatic vegetatlon or glrdllng of woody vegetation.
JCohtroll _ , ‘

L ) b

* Depending on the pest causing the damage and the s1tuat10n, the following

control methods may be used

Nonchemical control, including: » _ “

e modifying or controlling habitat, such’ as controlling plants to reduce -

- e installing dike‘protectors or barriers, o
e trapping, or . B oo N%ﬂ"
e shooting. - ‘ ' o )
. , g . . o / ) . y

Chemical control, including the ‘use of: _ . s

e repellents, : - .
e fumigants, and
® poison baits. ©

e I
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Application \ . R ,
When usiné poison baits, it is important to use a bait the animal ,
_ will accept and.to plece it where the animal williaccept it but where other
i , s e , , '
animals are unlikely tO-Qind it. Poisoned diced carrots placed in muskrat
burrows or in floating bait boxeslare likely to kill only muskrats. ' Aan

'iméoitant'point to remember is that where abundant habitat exists for a pest,

“lethal controls provide 6h1y temporary relief at best.

often they are futﬁle. For example,hiethal techniques for muskrats
1n a pond adjacent to extens1ve marshland are not llkely to prevent damage._*
Lethal technques for muskrats in a pond 1solated from additional muskrat
habitat may be very effectlve. Shoot;ng, trapp}ng or poxéonlng of heaver
and ‘muskrats requires a pexmit from Law Ehforcehent.pivision, MDNR. .
£ .
Other Vertebrates ..

3

Birds, reptiies and amphibiéns'occesionally cause iocal prob;ems.b_chemicaISj
are’ rarely hsed»to control them directly. Bgrds"aredusualIy?tepelledfwith _
auditory repellents; Reptiles and amphibians'afe usually discouraged by
destroylng the habltat they requlre,_turtles are commonly trapped. insecticides -
may .also be nsed on the 1nsects present in the area, thus reduc1ng the food

supp;y that would attract reptlles and amphlblans._'

/ 3
C

o
1
!

© ve
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SELF-HELP QUESTIONS ON VERTEBRATE MANAGEMENT o

~-

Now that you have studied this section, aﬁswe; the following questions.
Write the answers with pencil without referring back to the text. When you\
are satisfied with your wrltten answers, see if they are correct by checking
them with the text. Erase your answer .and write -in the correct answer if
your first answer is wrong. Note that these. questions are not hecess&flly
those that are used in the certlflcatlon examlnatlon

List four instances in which fish may be,considered pests.

-

.
1

N

3. Is a permit required in order. to apply fish control chemicals?

~

4." List four types of damage caused by mémmals.

Sl - N

5. .List at least three methods of nonchemical control of.mammalé..

'
A

.

6. List three common methods of chemical control of mammals.

v

7. Do 1etha1 controls provide. good control of pests in ‘areas where abundant
e habitat exlsts for a pest?¥ é\ o v -
, o o ol
. 8. Are chemicals usualﬂy used to:control birds, reptiles and ampibians?

- . ' ?

H]

ERIC

Aruitoxt provided by Eic:



- 25 -
o 'INVERTEBRATE MANAGEMENT
o SWIMMERS' ITCH L
Swimmers"ltch is caused by tlny larvae, l/32 of an inch long, called

cercariae, wh1ch penetrate into the skin of a Human. Cercariae are a free
swimming intermediate‘stage in the life cycle of blood flukes. The adult
blood flukes, called schistosomes, live as parasltes in the tissues of
certaln mammals and birds,. usually those)assoc1ated with ponds, lakes, and

streamS’ The cercarlae of about twenty different kinds of schistosomes are

e histories

known to pPenetrate the skin of man and préduce a rash. Complete 1

‘ are unknéwn for many of these pests The typlcal cycle of the speci
i causes the majority of 1tch c s at Michigan swimming areas -i
' . o, , ,

. T, .
Lo . . . K J
- Al { . . 4 Y

.birds and snails. )
L 1\5

Life History. L oo - . ' . .

.

_ The adult fluke, a very’ small worm, llves.as a para51te 1n the tlssues

_of a sultable hostﬁ paktlcUlarly Certaln waterfowl. Eggs from the paraélte ~
’are passed 1nto s« &he wﬂter w1th dropplngs of the‘%lrd. A 51ngle, very tlny N
;swimmlngiform ealgeh a mrracidlum 1slproduced from each egg that hatches./ Thésé
‘fmlrdq;dlai w : aﬁégéggftrghout4ln search of partlcular klndé of snails. If
- the. mlfacidla

{a . su;ﬁable species in a few hohrs, they will die.

aHowever, if i _¢a;s b su1:able snall they penetrate into the body through

the softﬂparts. ﬁslde the snall the mlraC1d1um undergoes chané%s whlch

. ‘1..
finally result in the productlon and release of many cercarlae. This state of

the para51te life cycle may be seen by plac1ng an infected host»snall in a

small jar fllled w1th water. K?ter an interval of several hours cercarlae shed
by the snail Wlll appear ‘as small mov1ng specks in the water. The cercariae
sw1m freely and drlft about wa1t1ng fdr su1tab1e final hosts, such as certaln

species of ducks, to come close enough‘for them to make contact. Few cercarlae*»

live ‘much longer than 48 hours. On flndlng a proper host the cercarlae pen--
etrate through ths skin, enter the blood Etream and develop 1nto adult blood

flukes, thus completing the life. cycle. On flndlng a human, the cercariae

penetrat he - skln and cause. Qhe irritation called swlmmers itch. Since the

human is. th wrong host the cercariae eventually die, but not before’ cau51ng

dlscomfort.

-

considera
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Wlth our present knowledgg of the relatlonshlp between schistosome
cercariae and snails it follows’ that eradication of snails would eliminate .
the swimmers' itch problem, However, obtalnlng a total snail kill in a .
large lake would-be a pegchical impossibility with present control methods.'
'In attempting such\an e ication there'would also be danger of seriously
affecting the fish and Eish-food populatlons. ‘Thus a uniwersally satis-.
factory molluscicide has not yet been 1dent1f1ed, although research is belng
conducted towardsxthls goal.
épplicatlon Methods .and 'Equipment

Treatment}methods are.normall;’aimed at getting the chemicals downgio the

'snails on the lake bottam. Best results are -achieved by releasing the chemlcal,

.normally a heavy granule, under water .just above the beach floor. ThlS_
procedure is- usually accompllshed with motor—powered uhits: des1gned to pump ‘the
chemlcal through flexible tubing which drags along the lake bottom as the

treatment vessel .moves through the infected area. If th1s type of distribution
™
equlpment is not available, fair results can be Bbtalned by broadgastlng the

granules on the water surface and allow1ng them to- sxnk to the lake bottom.

- - .
LS

If appllcatlon of the necessary chemlcals is mfade at the proper rate,

free-swimming flSh should 'not be k;l;ed. They Wlll move out, of the area.

However, since molluscicides currently used:.in swlmmers itch control are‘
‘

o

tox1c to fish, treatment should not be made until pan f1sh and bass are off
the1r spawning beds in shallow water usually after the mlddle of June in

lower Mlchlgan. Bottom organisms such as leeches,,aquatlc worms, andkansect

‘

larvae may. .also be killed. Some of' these anxmals are use% by fish i: food

, {
but their ﬂéss ‘is unimportant when the whole flshfood producing arealof the lake

1srcompared to the treated area. Ratio of untreated"area to treated is -

..normally at least 50:1 or 2. CE s :

[ ° \ 5
The snailsiresponsible'for t

. oo )
swimmers' ‘itch problem are the ones which

need to be\fontrolled. It i ter to locaté the infected snails before

] treatment than to chance mlSSl¥ the infected snail bed. A ‘survey oq snails

for cercariae and a pretreatment beach inspection will.usually solve this

problem. ° . . - EE N ,

. :3]: ¥ | '. f | ’H ;' ;.



- 27 - ' Vo
o _‘~ | 'JA _ o~ . . Hff'"
A large enough area must be treated Aided by winds and wlnd—created .
currents, cercarlae may stay together in 5uff1c1ent numbers to create a .f& E A\
. swlmm:.n_g beach hazarc’ld qu‘J.te a distance ‘fron_li the snail bed. Treatment of’
1,000 feet of lake frontage is repommended as minimum. This usually entails
securing the permission and cooperation-of several landowners along' the
. shore. Where infected snails are unlformly dlétrlbuted, the area treated should
extend from shoré to the- drop—off. Ofbcourse, local conditions will normally

determine the- actual area to be treated

Treatment should not be attempted when the lake is rough. The chemical' .
w1ll be d1spe:§ed throughout the water by excess1ve wave actlon and will drift
-out of thetreatment area rather than remaining on the bottom in the des1red
.location. A little wave acti n is ;es1rable to ald in distribution, but %K-v

‘treatment on a wlndy day 1s a‘waste of time, money and effort.
“ VI A

" Mark the area to be treated and divide it into small enough plots S0 that

distribution can be even and at the proper rate. ere—cpntered’plastlc
'olothes~line with floats attached every 50 feet is $ery satisfactory as a.
| marking~and measurlng dev1ce. "It 1s usually best to commence treating next '
o -@5& 2ying nex

LY

altel with the shore and,work towards deeper water.

? , * . :
Precautions : A a ¥f

'

Swimming and the use of motor boats should not be allowed in the area of
“treatment. for 24 hours following chemical application. While there isv '
little danger to swimmers from the. chemlcals, safety dictates keeplng out of
the water for th1s perlod Thls restriction also prevents the layer of _
chemicals from be1ng @isturbed. lAgltatlon of the water would cause mlxlng w1th
bottom materlals. A subsequent loss of effect would result - There are also

1nd1ca*10ns that dylng 8nails release large numbers of cercariae.

& ) - /,
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S¢ Fy ‘ S MOSQUITOES - -~

Mosqu1toes are undoubtedly the most bothersome insect pests found in
P , .
Michigan. Over 50 different species' of mosquit e/—are known to be present

its and seasonal ahundanCe of these

in Michigan, and individual feeding
species assure the presence of mgSquito problems throughout Michigan during

nearly ?gl of the months of spri g, summer and fall.

Mosqu1 o species vary greatly in flight range habits and capabilities,
biting preferegces, abundance, and type Qfm;égtP?t most suitable for their
development. All species have four distinc§ stages in their life cycle and

the imm\ture stages of every species develop only in waﬁer. An adult fgmale
- mosquito may lay up to several hundred eggs during her lifetime. The location
sélected for depositing these eggs varies with species. Those depos1ted -
directly on water surfaces usually hatch within a short period of time,. but
e@@s depOSited on damp’/r even dry sOil in- depressions subject to periodic
flooding, may survive for prolonged periods. The eggs of some species, ;ncluding
some\oi/the most common mosqu1toes in Michigan, can remain Viable up to a year

Oor moreé on m01st or dry s011 before they are flooded and hatch. . T

“The larvae, often called wrigglers, emerge from the eggs and fee&'upon
minute forms of animal and plant life @nd decaying organic matter ihithe water\
_ when fully grown, they develop into pupde. The pupab~stage Efbthe mosquito,
alse called a tumbler, involves a transition from the aquatic form to the
"adult. When this’ transition is completed the pupal skin splits along the upper'
bsurface, and the adult pwlls itself up and out of the floating skin on which

" it re§ts until ready to fly. .Development time from egg to adult.varies with

: %
-temperature, ahd may be as-short as-7 to 10 days in midsummer. ’. S

AY

Only the female mosqu1to sucks blood using this nutrient for development
¥ of eggs. Feeding preferences of adult females and distancel mhey may gly to .
obtain a blood meal are usually quite. specific for a-.given species,~but vary
widely between species. Some species feed only on birds; some on wild game,
and others on domestic.animals and man. Certain-speciesvmay-fly many miles
(from their larval habitat while others rarely go beyond a half mile.. A _
number of species f ; in Michigan are_such'fierce biters, and appear in such '
large numbers, -th_atEZy make . some areas nearly uni-nhabitable". They can even
pose a threat to the exiStence of some wildlife'during the warmer times of the

year.’ - , ! , o . ’ ) L_m_

$ o | o . ':3:; a v .4- ;M(!'r | ff
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Mosqultoes create both direct and 'indirect human health hazards.

’

Most obv1ous are 1055 of sleep due Ro night-bitiug mosquitoces, 1rrltat10n
L

from.bltes, and secondary 1nfect10ns from—scratchlng bites. Reduce& efflclency

P
of workers lS a less .obvious, but important, onsequence of Jarge numbers of

.bltlng mosqultoes-» At least. four mosquito-transmitted dlseases——dog heartworm

l

and the Callfornla, St LOulS and Eastern equine cncephalltls forms——occur in

fMlchlgan and adjacent state§ .These are normally animal dlseases, but can be

transmltted to, humans ' So mosquito control ‘is a matter of both comfort and

health protect%on‘ A

. .
b . . S

e K
Mosquito control operations may_be d1re&ted against the larval or adult

~stage of the 1nsect,wor both. However, the most satisfactory and long last1ng

c0ntrol of mosqultoes is accompllshed by’ ellmlnatlng or modlfylng exlstlng -

1water accumulatlons SO’ thay are not sultable for mosqulto larvae. These .~

permanent control operatlons normally are beyond the ca abllltles and resouaces

of 1nd1v1duals or commérc1al controllers and requ1re governmental part1c1patlon.

"Commerclal pest control operators are most often~1nvolved in' mosqulto control

.

.in areas where ‘no communlty control program.has been estqbllshed or where‘

oo ,«, 30
. o, SRR T . ‘

°

 existing ] rograms are, 1nadequate ﬁ‘.>‘_ R C T

e

Temporary arva1 Control

L& !..
* -

\ ) Insectlcldes used to control mosqu1to larvae are called larvicides and the.

degree of control obtained w1th larv1c1de appllcatlons often depends upon ilie
degree of water pollutlon and the type and amount of vegetatlon cover present.
If cover is heavy: or organic matter . in. the water exce551ve,}1t may be o
necessary to 1ncrease the concentratlon or volume of the 1nsect1c1de used

Granular 1nsect1c1de formulatlons may be requlred tlﬁtreat water accumulatlons

covered with dqnse shrubbery, grass or other types of emergent vegetation ‘

slnce lquld formulations are dep051ted on the surfaces of the plant cover and

/

do ﬁct reacﬂ the larvae present in the water. . Water in contalners that cannot

i be dra1ned or’ removed from the area - should also be treatedxwlth larv1c1de

Frequency of larvicide appllcatlon var1es con51derably with temperature and

mosqulto species, but must be often enough/to prevent larvae from developlng

into adults. Appllcatlons each 10 to 14 days are normally adequate for

Michigan summer conditions. All potentlal larval breeding sites w1th1n
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adult flight range of the controlled area must be treated if satisfactory

\control lS to be achieved - . ‘ ;
. 4 .

No larval control operationgAshould be 1nitiated until it has been

determined that the Water to be treated does contain mosquito larvae and pupae,-

and that they are spec1es that actually b1te\humans A
~d

1 L —
. 5 \ . ’ 7
’

‘

' Temporary putdoor Adult‘Control,\ _ S .
Insécticide mists or fogs are most. cdmmonly‘used to'reduce adult mosqugﬁs

populations to.an acceptable level 1n outdoor areas, \Both ‘fogs and mists are
applied as space treatmernts that depénd primar;ly upon the wind for ‘distri- -

" bution.’ Neither mists nor fogs should be applied in winds of more than five
miles per hour. Optimum windspeed is two to three m.p.h. in open areas and

, 3

slightly higher in forested-areas. ‘For best results, air. temperatureunear the
ground must be cooler than at six feet or more above the ground. This condition,
called a thermal inverSion assureé\that insecticlde particles will stay. close
_to the ground where most flying and resting mosqu1toes occur. Thermal in-

o
version occurs naturally from late evening untll sunrise, so the most effective

fogging and misting operations are conducted at night.

~

R (
Fogs applied during the heat of, the day nearly always rise rap1dly, L e
disperse in the air, ‘and - are,totally ineffective in controlling mosguitoes.

- The effectiveness of mists is also greatly reduced when used during the day.
Insecticide .fogs have no lasting effect so they must be reapplied whenever the
number of mosquitoes increases beyond the "level of acceptance " Mists may
prOVide a slight residual - action but their primary effectiveness results from
direct contact with mosquitoes. Mists may be applied under, a wider varlgty
of atmospheric conditions than fogs,. but have the disadvantage of poorer

penetration of vegetation~ When oil—base insecticide formulations are applied

as mists, they may. burn foliage or produce objectionable residues on laundry,

. automobile paint and Windows unless care is exerc1sed in the operation of the

misting machine.- B

~ 3

Persistent insecticides formerly'availabl in Michigan (DD% and relatgd:i*ﬂ
'.chlorinated hydrocarbons).PrOVided effective adu1t mosqu1to control when -
applied as a res1dual spray to vegetation in a belt at least 20 feet wide, !
_surrounding the areas to be protected.‘ However, 1nsect1c1des now approved for

use in Mlchlgan usually will not persast long enough to prov1de satisfactory

p ‘ \ N ‘e. ’ 30
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,Temporary Indoor Adult Control

Aerosol spaQefsprays are recommended for immediate indoor coptrol, : This

type of spray is usually more efficient 1f the treated "area 1s ept closed’.

for at least 15, m1nutes folIOW1ng treatment Resin strlps 1mp egnated w1th

1nsect1c1de may also help to control adult mosqultoes 1ndoors,1but ‘are. ,

,effectlve only if the space is enclosed and there is mlnlmal air exchange. This
» ,

type of control should not be used in food preparatmgn and serv1ng areas,
nurserles or fac1llt1es in whlch infants, aged or ill people may 'be exposed to

the vapors. . |
i ‘ . " e o -

Sehe R R BLACKFLIES T @ -

oy . ’ : ',;.'V’i‘“ .

Blackflles, SOmetlmes called "buffalo'gnats," are small black or gray flres:
“with stout, humpback bod1es, short, broad wings and short legs. * They feed on
the blood of wild or domest1c an1mals, and birds. In some parts of Mlchlgan,
they are partlcularly vicious Pests of humans. The blackfly season 1s longer

than that of mosf other blood-sucking flleS\\ The first adults appear late 1n
April, reach thefg blggest numbers in May«an\\June, but pers1st in dlmlnlshlng

\ <

numbers until late October.

' In some areas’ of|M1ch1gan, blackflles becom\ SO numerous that it is

nearly-: 1mposs1ble toiremaln out of doors., ‘Blood loss’from their bites has
resulted in death of\both domestic and wild’ anlles. If the blackfly is not
seen_whlle b1t1ng, 1ts bite is readlly recognlzed. There is no pain whxi% ‘the
fly punctures the skﬁn and feeds, but the s1te of the puncture is usually’
marked by a small trlckle of blood Whlch appears after "the fly has flnlshed
feed1ng.r W1th1n an %our, the area around the b1te swells and ‘an intensg ’
1tch1ng beg1ns that may last for several days. ~some individuals become °
sensltlzed to blackfly b1tes and also suffer -pain and severe swelling in “the
area of the blte.l Occaslonally, there are addltlonal reactlons or extreme.

~

I : R Lol v A
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swelllng requlrlng hosp1tallzatlon
:1 Unlike mosqu1toes blckflies bite only dur1ng the day. £hqe feeding on
anlmals, they crawl through the hair or feathers to the skin, or enter the

'ears and nostrils to bite. On man, they usually feed on exposed skln, but

‘may. crawl through, open1ngs 1n the cloth1ng to bite covered parts of the, body.

/ .
Blackflles lay the1r eggs 1n a variety of places, ‘but all are e1ther 1n

lrunnlng water or its immediate v1c1n1ty. One female may dep051t as many as
_500 eggs in her egg—lay1ng period—isually in masses on stones, vegetation
or other partly submerged objects——at or near, water surfaces where they are
immersed or cont1nually wetted. Eggs hatch in. 4 to 12 days and larvae attach
‘themselves to stones or plantsvln the stream w1th a small suctlon dlSC and
'f1ne sllken threads. The larva transforms. to a pupa and is flrmly attached (
w1th1n a s1lk pupal. case spun, by the larua just before pupatlon. &\ratlon of )

the aquatic stages varles from two to three weeks to several months,‘depend;ng

upon spec1es, temperature and other condltibns.

Upon emerglng from the pupal skln, the flies take’ flight immediately and may '

;_llve from a few days to several weeks Wh1f§ some spec1es have only one genera-

“tlon each year, others have two, o/\more.' In general* southern Mlchlgan spec1es

v.fhave multlplqueneratlons each yearl Generatlons of” the varxous spec1es over-

. lap so- that all stages ofblackflles may be present in a. given area most of .the
summer ome species overwlnter as eggs and others as larvae. There is -

- little preclge information concernlng the flight range of adults, but one.

e pra1r1e spec1es in' canada has reportedly attacked llvestock as far away as 100
mlles from its source.. The most common‘specles in M1ch1gan are not llkely

" to fly this far, but still have relatively_fong flight ra e

~ DDT prov1ded the most effective blackfly larvae control ever.
.but 1ts use has been restrlcted in Michigan nd there is no alternate insect-’
icide that produces the same effective lar&;;acontrol. Outdoor'space sprays
'recommended for most. adult mosqu1to control-offer .some local temporary rellef
,-from blackflles. Probably the most effectlve way to prevent blackfly bites’ ¢
"is to apply 1nsect repellent to exposed skin aread ‘and keep clothlng t1ghtly
- fastened. o, v o _;‘ . Y
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“BITING MIDGES

This group of b1t1ng flies includes several types,of very ti .insects!

known as punkles,"."sandflles" and "no-see ums. Those that feed on humans

b1te malnly in the evenlng\and very early morning: The burn1ng and irritation

they cause is far greater than would‘be expected from an 1nsect of this small
size. . - - ~

v ’ . j /,v'.

' Aga1§ ellmlnatlon of su1table freedlng sltgs ‘is the most effect1ve o

method for control of these pests \ Locatlon of these areas, however, is an

extremely long and tedlous task even for a tra1ned éxpert. Bltlng midges.

usually develop in the bottom mud of ponds, marshes ‘and swamps or bther 51m11ar

‘'wet soils, rich in organ1c materlal. The mlnute size of the larvae makes it

. located, drainage, d1k1ng or deepenlng the margins of ponds and streams may
-~ - )

provide effective control. B

extremely diffieuﬁt to locate their breed1ng 51tef """"" If breeding areas can be

Due’ to the'limited flight-range of the adults, these flies can'be easily

’ controlled in locaélzed areas with the same 1nsect1c1de mlsts ‘or fogs used for

adult mosqulto control Bltlng mldges are weak fllers and are greatly 1nh1b1ted

by even moderate to llght w;nds.' Keep' grassed~areas,closelysmowed shrubbery

'shrubs to eng?urage stronger w1nd currents.

2.

7 & ) . o .
and iow’ vegetatlon away from.humanaand animal habitations, and thin trees and

v - -
o

\

. . s ,
Bltlng mldges are also attracted to. llghts. Their tiny size enables them ,

to enter tents, cablns and .cottages through average mesh screen, ‘Indoors, an
aerosol containing e1ther~pyrethrum~(pyrethrlns) or allethrin ig effective.
Fortunately; the weak,flying 5%ilit? of fhis group of insects restricts their

<« 4

nuisance to-very limited and localized are?i;\ C
" S ! ’ -" . ot LT L 3 R
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SELF—HELP QUESTIONS ON-. INVERTEBRATE MANAGEMENT S )

a .
. Al ~ . ‘ i (I T
. . - ~
4 "

Now that you have studied .this section,  answ the follow1ng questions.
"Write the answers with pencil without referrlng bagk to the text. When you
- are satisfied with your written’ ‘answers, see if the are correct by checking
’them with € text. Erase your answer and write’ xn the correct answer if your
flrst answer is wrong. .Note that these questlons are not necessarlly those '
that are used in the certificatipn examlnatlon '

. - ' T . S r\\_“
1. What causes swimmers'. itch? - . ~ o
P . Y o :
- . . ¥

s . - .

‘2., Are humans natural hosts of the drganism causin

swig éts' itch? L
SRS .
. ., ( u‘ . K :' . kY

3. Why should chemical treatments for swimmers' itich not be.attempted when the
@ Take is rough°~ S . . - oo R

' . : . . \ .

S - L

kY

.
* ! —~

4. 'How long after chemical appiicatio_ for swimmers' itTh should swimmers and -
-motor boats be excluded from the agép? Y . BEEE
) h 3 ) - .

oL - X _' B ‘l o L ] . ‘ . L4 ] . o “
S.-"Do all species of mosquitoes feed qn humans?. ‘ .o _ y/* . -
R . C . S

~

s

. What is the most satisfactory and longtlasting control:-of mosquitoes? * .
o LI : T - ' S0 :
by
7.  Are mosqu1to 1arvac1de appllcgflons 15 to 20 days apart normally adequate
for M1ch1gan summer cond1t10ns° v » . : :
,. . . ‘ . L . e . -.‘g 1 , .
.oy _.x v Coe }fﬁ{‘ 2 e .
8. -What are the optlmum weather condltlons for, appllcatlon of m1 ts.and fogs to
B Re .
control adult mosgulitoes? . = o W )

3
- S

. . K ., r~ N . - . P ":. .A . . 3
- N - . . S . - _¢}I ‘ A e ' .- . . )
: . - P . ‘ql ' 2
,9- Under what conditioéns. are resin strips’ 1mpregnated w1th 1nsect1c1de most

effectlve for mosqulto contrcl’> : . . .

v

10. ' po blackfliesz;%ea«in the_éar;y morning and late evening? - . -

11. what is the most effective methqd for control of.biting midges?

« . L . . . )
- o . . Fa . — . . . r\/
. ) . s .

N o o . -
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I . SWIMMING POOLS . o I ' N
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. .- . v A St

+THIS SECTION IS PROVIDED FOR THOSE PERSONS.WHO APPLY "PESTICIDES".
. TO SWIMMING POOLS AS A BUSINESS. ‘The purposeiis to provide practical «°

. 1nformat10n consldered “to. be 1mportant for "the. safe and effectlve use of

N ;,- ] .\ .
_ pest1c1des in both prlvate and publac swxmmlng pools. ‘ \ ' SN

' I

Publlc sw1mm1ng pools are regulated by the Mlchlgan Department of ﬁhbllc o
Health under authorlty of" Act No. 230, Pub%;c Acts . of 1966."Persons who apply
pest1c1des in publlc sw1mm1ng pools should' obtaln.a copy of Act No. 230 and

become familiar w1th the rules and regulatlons promulgated thereunder.

-
. . - .

A . - '

. - ’

. - .

‘. : ' : : t . " 4 .

;&
‘. swimming Pool’ Dlslnfectants . s v o ‘

~

Dlslnfectgpts are agents, e1ther Ehemical or physical, which déstroy or
remove dlsease-cau51ng mlcroorganlsms or "pathogens. Sw1mm1ng pool water 1s «

d1s1 fected to preVent.the transmission of disease. Sterlllzatlon of the( y
i An <

' waterr—the destructlon of all the’ m1croorgan1sms 1n 1t——1s unnecessary because s

-,

many “of - them are not harmful. o _ - . : .

@

e

The 1deal swmmmlng pool. water dlenfectant is hlghly b10c1dal qulck
'actlng, nontox1c to humans,‘homogeneous, readlly soluble, simp to. use.and test
compatlble w1th other chemicals used, stable and noncorrosive both 1n ‘storage
and 1n use,hreadlly avallable, 1nexpens1ve, and not taste or odor produc1ng.

No dlslnfectant has ali- these-character;stlcs. Few have most of them.
' s ’ - ' -, .
The search-for the perfect dlslnfectant continues. Some products show T

promlseq but others are 1nadequate and unacceptable. Before a new dlslnfectant
“ is used, 'the health department should be contacted for cohflrmatlon that 1t is

satlsfactory and approved. u. - o ‘ .
¢ ‘ ] ' : . s
. . o o o .v N . o X R s
. ¢~ . . CHLORINE . L .
3 : . . \" R N Lo - I N D ) »
.o T . 5 08 :

e

-Chlorine, in its various commercial forms, is the most widely:uSed swimming

\ pool dlslnfectant It has‘proven effectlveness and is readlly avaglable, |

“

relatlvely_lnexpenslve, and easy to. store,apply, control ‘and test. -It is R
useful also as “an dlolClde, as’ a floor and deck sanltlzer, and to oxldlze or

"burn ~ub" forelgn matter ‘in the pool water: o b : '; ;'* y ‘ )

- ' Chlorlnated sw1mm1ng pool. water should have a free chlorlne res1dual of ‘at

least. 04 tq 1. 0 part per mllllon and a pH preferably‘of 7.2 mlnlmum to. 7.6.

- .

Q . - J-t S 4()”. L R ;';
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If the pH is above 7.6, free chlorine residuals of at least 0.75 to 1.2 ppm

should be maintained.. . ‘ . S
. » . o L . . . ) &

‘Chlorine gas: Chlorine is an extremely active element which is found in

nature'only in combihation w#th other elements It is manufactured as a
gas and then is llqu1f1ed and stored in steel cylinders. Chlorinatofs are used -

to withdraw 1t as a gas and 1ntroduce ‘it into water for feed1ng as a solutlon .

Y |

AChlorine,gas1is not explosive or flammable. It is 2hl/2 times_heavier
i : - * : .
. ) . . ‘. D ‘
than air. It has a characteristic penetrating and irritating odor. At normal
temperatures, it is .no corrosive when dry, but it ls very corrosive in the

:presence of moisture. t is a'respiratory irritant; exposure to high concen-

v

trations will cause death by suffocation. _Its use in watér treatment results
in lowering of the pH of the water. ' '

; Chlorlne gas is hot’ commonly used in sw1mm1ng pools ‘because of. the hazards
ylnvolved hlgh first costs of fac111t1es 1nclud1ng separate houslng with

ventalatlon equipment, the need for spec1al knowledge and care in using 1t “and

the need for pH‘adjustment. ' A . /
) L. o, . - = . .

Sodlum hypochlor1te- Sodlum hypochlorlte, NaOCL 1s obtained as a solution

.

conta1n1ng 3 to 19 percent avallable chlorlne The familiar household laundry
bleaches usually contain about 15 percent avallable chlorine. If obta1ned in
bulk tank. lots, they should be dllu ed at }east=ig half to mlnlmlze;loss of
‘strength w1th t1me. SOdlum hypochlor1te solutions can be applled "Full strength"
but preferably should be diluted to ¥ or 2 percent and then applled by positive

disﬁlacem%nt-type chemical feed pumps.. The solutions are alkaline and increase

- the pH ofﬁthe water being chlorinated;

.Godlum hypochlor1te is .by far the most' commonly used d1s1nfectant for
public sw1mm1ng poofs’ln Michigan. The reasons for this include its- proven
——effecflveneos, 4its ready avallablllty, the small amount of handling necessary,

and the simpllc1ty and low maintenance of the feedlng system.

. . M & , . .
* Calcium hypochlorite: Commercial high test calcium hypochlorite, Ca(OCl)2

_contains 70 percent available chlorine. It is ‘produced in powder, granular, and’
_ . per : . A _

tablet. forms and is casily shipped and stored. "It retains its strength for a

.

year or more undpfhnormal storage conditions.

/

Q .. . . :
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"It is used for ‘swimming pool water disinfection preferably by dissolvin§

it. 1n‘Water in ‘a corroélon resistant contalner, forming a 2 or 3 percent solutlon
<

and applylng the. solutlon by a pos1t1ve dlsplacement type pump. One dlfflculty
is that calcium carbonate (llme) prec1p1tate also forms, in the solution

contalner as a-sludge and in the feeder and tubing as-a deposit which may clog
- - . ) . . N Q

them and stéﬁ?ﬁhe flow. ‘ » 2' ' 5 , ) B \1

Feedlng methods such’as dumplng the dry chemlcal directly 1nto the pool ‘ ;
f

0

: water, putting it in surface sklmmer baskets, or hanglng a contalner of it in-

the pool should not be used. The d1str1butlon of chlor1ne in the pool 1s uneven

. and ihadequate, the lime prec1p1tate causes cloudlnfss of the water, thé’

concentrated chemical cancorrode metal and d1scol/?’the‘podl bottom, and

“«children may swallow~und1ssolVed tablets. 8 S .

.
~

- Calc1um hypochlorite is relatlvely stable ‘under normal condltlons, but
“it is a powerful ox1d1z1ng agent. Contact with heat, frlctlon moisture or
-a variety- pf materlals such as .oils, grease,- palnts, solvents, beverages or
fertllréers may result in combustlon. When heated, the chemical emits tox1c\ .
[l

fumes and may explode. .It can cause severe irritatlon 6f the skin‘-and is \

highly toxic when inhaled or ingested. T,

it

Precautions in its handling and use are extrefely important, . It should be',

stored ih the original container, with the warning label clearly visible, 'n a .

\

cool, dry% clean place separated from flammables and out of reaz7 of children.

It must be covered and should be handled only w1th clean, dry nsils

reserved for that - purpose It should never be mlxed w1th anythlng except water.
\

If spilled, it should be flushed with water; in case of fire, it should be

quenchedaonly with water;

1 ! : .

Cyanurlc compounds Sodium dichloro-s-triazine trione or sodium
- L —

d1chlor01socyanurate, potass1um dichloro~s~ triazine trlone or potass1um

d1chlor01socyanurate, d1chlor01socyanu21c acid, and trichloro-s- triazine trione
or trichloroisocyanurate are white, crystalline, strongly oxidizing materials
. . - X 4
classed as "avajlable chlorine” organic¢ compounds. ) ) ‘
‘ U _ .
Q ' ) ) o, : ‘

ERIC
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The aqueous solution of each results in the controlled release of\chlorine
" and theé formation,of |yanuric acid. Studies indicate that the cydnuric acid
(a) does not alter the. type of chlorine residual obtained (b) stabrllzes"
) or prolongs the chloripie re51duals \and (¢) sbmewhat 1nh1b1ts the d151nfectlon
Process, prgducgng léss bacter1c1dal actfvity than w1thout cyanur1c ac1d

A concentratlon of 25'mg/1 of cyanuric a 1d in swlmmlng pool water g COns1dered

A

necessary for the stabilizdtion of" chlorlne 1n the presengg%of sunllght

Higher levels are not considered to be more advantageous

- .« .
° . ‘

o The ‘Michigan Department of,pﬁbllc Health approvesylhe use of cyanurates in -
the treatment of water at publlc swimming pools under the condltlons lgsted
in Department Letter No. 34 - 3. It prov1des that (a) cyanurlc ac1d may be
appl;ed manually to condltlon the water (b) the chlorlnated cyanurates wh;ch~
"may be used are the. four listed above, (c) the chlorinated cyanurate shall'be"
dissolved in water and the solution applied w1th a positive dlsplacement type
chemlcai feeder, (d) free chlor1ne reslduals of at least 1.0 to 1.5 mg/l and a
PH of 7.2 to 7.6 shall be ma1nta1ned d (e) the cyanur1c acid level shall be
tested at %east weekly and shall not gxceed 200 mg/l and preferably shou1d not

exceed 100 mg/l : - © i - , ‘ .
' . S— . 'g‘.

WARNING

i
‘
<

Chlorinated cyanurates are strong oxidiZing agents, both in the dry - h{

"and dissolved states. Contact of dry chlorinated cyanurates with easily

o burn and therefore should be av01ded They must be

-

combustible material such as oill grease, sawdust, and-. floor sweeplngs may
cause such materials C\

o

stored in a clean, dry, well ventllated place, away from flammables and heat
and out of the reach of chlldren They should never be m1xed’w1th anything

except water. In case of splllage or acc1dental decomposition; they should be

flooded with water. READ THE LABEL.

} Chloramines- When chlorine is added to water containing natural or added
ammonla, the chlor1ne and ammonia react to form combined avallable chlorlne
compounds or "chloramines." These compounds are much 1nferlor to free avallable

. ) D
chlorine for water di51nfectlon With the same contact time,- 25 times as

-

much chloramlne as free available chlorine 1s necessarysto produce the samﬁ“*‘
bdcterlal kill. ' ' 7.

3 b
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When enough more chlorine is added, the ammonia nitrogen is destroyed,
and .free avallable chlor1ne 1s formed This process of adding enough chlorine

to produce and ma1nta1n free avallable :/}ﬁrine residuals is_ known as
pr

oper chlorination process for

v

"freelres1dual chlor;nat;on. . It is th

- -

swimming pool water disinfection.

B Because ammonia reacts with chlorine to form weak, slow act1ng chloramines,
it should not be used in any form for swimming pool water treatment. Ammonlum

" alum and sulfamic acid should not be used for. that reason.

Control of chlorination:r When chlorine is applled to d1s1nfect swimming

’ pooi'water, seueral factors influence 1ts effectiveness. . Substances from the
air and from the swimmers exert chlor1ne demands to use it up.. Direct sunsh1ne
d1ss1pat . . Any free chlorine residual decreases with time. An 1ncrease
'in watern temperature accelerates these actions.

_ Con:rol of the chlorination process is based on (a)-testing residual
chlor1&e and (b) adjustlng the chlor1ne feed rate accordlngly The water should
be tested before the swimmers enter the pool and frequently enough thereafter to
detectws1gn1f1cant changes, in the-chlorine residual. . Water for testlng should
be collected from the poollitself, at various.pointﬁ near swimmer activity, away

i

; nfrom-the‘pobl water inlets. L gﬁ‘

L L et ; . o Lo L s
Factors affectin@ﬁ&islnfectlon-' The bacter1c1da1 efficiency of chlorlne

1n sw1mm1ng pool water is dependent on several factors. Chlef among them are

(a) . type of chlorlne res1dua1 /Lb) pH, (c) concentratlon of chlorlne consumlng

substances, @ temperature, and’ (e) time of - contact

Free avallable chlorine is a much more effectlve disinfectant than_ comblned

’

available chlorine. Twenty-flve times as much combined chlorlne ‘as free

avallable chlorlne may be needed to produce a 100-percent bacter/;l >i11 in the

contact time. Using the same amounts of(comblned available chlorine and "&}k
—

free avallable chlorine, combined avallable chlorlne may require 100 times as

long to produce the lOO pcrcent bacterial k111 Free avallable chlorlne, however,

is more unstable and, lasts z shorter time. . ) C—— : -

.

-
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‘and’ iodine. They aré the most active nonmetals. Under standard conditions,

t . .: ’ ] ) - 40 -

. ] , -~ ,

- OTHER HALOGENS \
- | | '

. . - : .o R
~ The halogens are closely related elements: fluorine, shlorine, bromine

fluorine and chlorine are gases, bromine is a liquid, and iodine is a solid..

v

Fluorine is the. best ox1d121ng agent and d1splaces all’other halogens; chlorine
|

is second in relat1ve act1v1ty .and d1splaces bromine and iodine; bromlne 1s next

and d1splaces 1od1ne only, iodine is last and lacks the ability to dlsplace any

3

. ‘e
other haldgen. All halogens are bactericidal. BAll -except fluorine have been

v

used for swimming pool‘water disinfection.

Bromine: Bromine has proven to be an effective SW1mm1ng pool water

d1s1nfectant but it has not had as w1despread use as chlorine because of hlgher
s +

costs. S

e U

Bromlnated,%w1mm1nq pool water 'should have a bromine residual. of at least

®1.0 to 3.0 parts per million and a pH of 7.1 to 7.5.

At Troom temperature, bromlne is a dark red heavy, hlghly corros1ve, fuming

%_volatile lquld It has a sharp, harsh, penetratlng odor. If spilled on the

O

ERIC
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skin, it produqes severe burns. The vapors, even in low concentratlons, are

‘highly irritating and painful to the respiratory tract. Better equ1pment for

A

handllng and applying liquid bromlne will be needed before it w1ll be approved
for use in Michigan. ' S 2
) . R . . » ' .
. . AN - - .
Bromo-chloro-dimetlwl hydantoin, a patented chemical é:;pound with the
trade name of Di-Halo, is,a bromine chemical in a stable, solid form. The feeding’
stem_depends, on controlled solubility rates of the chemlcal sticks"‘in —

flow-through feeders. It is safe and simple to use.
‘ N - ’ ,

Iodine: Of the four halogens; iodine has  #he highest atomic weight, is
least soluble in water and reacts least,readily .with organic materials. 1In
solution, it has the d1st1nct advantaaes of being the most stable and. longest
lasting. Theéswand other character1st1cs have stimulated interest in the use of
iodine for sw1mm1nq pool water d1s1nfectlon Studies related to its su1tab111ty

for that purpose are 1n progress ‘but have not yet resulted in its- acceptance
< - &.J L »

in Mlchlcan N . ) ) ;} .
. . -7
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may justify their use.

- . %a

(\' ‘ : . o )
ATHLETHS FOOT (DERMATOMYCOSIS OR EPIDERMOPHYTOSIS OF THE EXTREMITIES)
I o ) , , 1 C .

It is poss1ble for disease to be *transmitte& from one pool user to

&

-another, and the possibility of ‘?h transmission is :anreased when the pool lS
dirty, when the bathing load, is igh,‘when infected persons are using the
pool, and when improper disinfection levels are maintained.

ce @ N
V.

‘Athletes Foot (Dermatomycos1s or Eg;dermophytos1s of
the Extremities) .

"Athletes foot is a ringworm type of infection caused by a barasitic_fﬁngus,
"the spore of which‘is'spread by those infected by the disease. This disease is
not.spfead through swimﬂing pool water but by meanslof'the pool decks, locker -
Jrooms, shower rooms,.and other areas'where the bare foot comes in contact with
surfaces that have previously been contamined by the feet of an infected

person.

. . Athletes foot is best controlled by properly wash ng and d1s1nfect1ng )
~ .
locker room floors and benches, the shower-and t }let rgom floors, steps,

self. c

walkways, and the-pool decks. The f‘dividﬁal be 1nstrpmental in"

. preventing this disease by pract1c1ng good foot hyglene, such as thorcughly dry-
ing the feet, espec1ally between the toes, Wlth a clean»t~wel; using clean socks
‘and applying a fungicidé specifically for athletes.foot. '

v

-

.

Ear Infections

Organisms causing ear infections are not particularly communicable’via
clean water, i.e., water containing proper residual*of chlorine or other

disinfectant. However, they. can bé transmltted by poor hygleﬂlc practlces

- .z

.

such as the use of a common towel. i - _ : ,

. . a4
- .

An 1mportant factor' in the 1nc1dence of ear infections 1s that- the environ-
.ment of the swlmmlng pool water will actlvate an otherwlse ‘"dormant 1nfectlon,
* thereby producing clinical symptoms, For this reason, divers and underwater

swlmmersf who,may be so predisposed, are especially prone to developing a

- \

” \y . .
resurgence of such ear infections.. N

>

Y

Ear Pluys are dot effective in preventing ear 1nfecélons but other factors

B

)



Eye ailments : o | N .
Eye ailmentszfepresent the majority of medical'complaints aeéociated Qitb
- swimming pools. However, many of these conditions are not actualiy-in— )
fections bUt are irritations.‘ Eye itritation can be caused by too high a pH,
too low a pH, the tidal action of tHe water upon the\eyeé,_and the individual's
degree of sensitivity to freLh water and the chemicals used in‘the pool,
as well as the length of time the bather stays in the swimming pool water.
/ ‘High disinfectiqn levels are often blagzd for eye irfitations actually dye to . k¥

"these other factors, as demonstrated by gp?ective tests employing,concentration

levels far in' excess of recommended limits. . S
* ‘ - . : P S

SOme-pereons may be concerned regarding.the possibility of becoming infected
with the gonococcus organism. in the fetm of an ophthalmia.‘ It‘is highly %@—“
probable, if not impossible, that this infection can be transmitted n-this-
fashion The gonococcus‘organism is extremely frail ‘and its survival in an
unfavorable env1ronment such as swimming’pool yater, would be of, extremely

short duratlon There is no instance -on record of qenorrheal ophthalmia being

‘contracted in this manner.
w‘ .

. Gastro-Intestindl Infections
- &}

The enteric group -of diseases can besconsidered as truly waterborne. This _
group 1ncludes the Salmonellae, 1nclud1ng the typh01ds, the dysenterles, and
various diarrheal 1nfect10ns Gastro intestinal organi'sms are hardy and there‘
has been epldemlologlcal ev1dence 1hcr1m1nat1nq'sw1mm1ng pools in the transm1551on
of such dlseases. However, a properly maintained and regulated pool greatly
-dlmlnlshes,'lf not entlrely ellmlnates, the p0551b111ty of such 1nfect10ns
Granuloma N ' - .' . ) A . 4

Granuloma is a COndlthh caused by living organlsms such as bacterla, fungl,
or helmlnths, chemical agents; or phy51cal agents. Granuloma occurs- as a
rounded or oval, pedunculated mushroom -~like tumor which springs. up at the 51te

of a secondarlly 1nfected 1njur%)or at th% edge of. a wound This cgndltlon_

may occur on any part of a cutaneous surface Lv ﬁ: e ; .

fe ' ' ' : s
Swimmers and bathers have been known to contract granuloma from swimming

pool water. In some cases, the Qranulomavoccurred at the site of what‘appeared
) \

4

to be an insignificant abrasion or scratch.

Q «._ - | : V'J. 0 ‘4;4’?, - ' | S
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" The poss1bility of contracting granuloma .is reduced when the factors . ’

responsible for rthis condition arq/pxoperly controlled Specifically, maintain,.

-

% the pool Water at a- dis1nfection level which will destroy bacteria and fungi,
‘remove phys1cal agents which gould be instrumental in- caus1ng or aggravating
" this' dondition, such as rough surfaces on the podl bottom and s1des, sharp '

edges or other 1njury—produc1ng cond1tions 4An the locker room, shower room, or.
(.qg
pool deck area; and maintaining the chemical agents in thé& pool water within
proper limits. 3 ’ - .
o . | ‘ T

‘,Plantar'Warts ' _ o : \ﬁ .
n : 0 BRI
* Warts are caused by a virus and are only slightly” cOmmunicable Plantar
- S

warts are warts that are on the plantar area~of the foot. A person s ontracting
plantar warts may depend more upon- the susceptibilityaof the pers0n rather

than on the communicability of the virus. Some authorities are convinced \the .

susceptlble wlll become infected regardless of’ the care tiken to avoid contact »

with the virus.

. 5, The best preventive measure an individual g¢an use to aVOid becoming
'*, e AN S ampe g,
infected with plantar warts is to¢pract1ce good foot hygiene
- , . . . o
Upper Respiratory Infections . \\ o ' o - < . ‘ A
. 3 ‘ : -
X . . . . . i AR 3
Bacteria-producing respiratory infections are frail and will not survive

long in an unfavorable environment, such as swimming pool water. As with ear

4 -infections, howeVer, a person predisposed to respiratdry infection may aggravate -

- .
a » ,

a resdrgence of such infectiOn’byjbeing in the water..- ; - [, . ',\
Viruses causing ‘upper respiratory infections are more viable and are.
. ’ . ' R n ' > .
f - 'usually contracted through dirett person-to-pergon contact.
LN . : ~ ‘
T ) T T . i . N \-
Foot Baths ‘ ‘ ‘ : N - <
FOOL Batlls . . S

;Foot baths are not effeczz;e/in the cohtrol of foot infections and may even

. S
increase the chancg ?f Jinfecti The users of foot baths may develop a false

sense of securn%y and therefore(neglect g00d foot hygiene, which. they otherwlse

J/vwould have practlced 1f it had not been for thelr use of the foot bath.

LY » A
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Wading Poo'ls ' ! o . o s

7. , _—
The wad1ng pool is'‘an 1tem that LS often overlooked as a po551ble soufce‘l'
6f di'sease and 1nfectlon The usual th?ught is that only- sylmmlng pools can
transmlt d1sease and 1nfectlon apd-the Wadlng pools cannot, becausé\they are .. ..
"only 'little puddles of water in wh1ch chlldren play'around." This is not so
and it should be reallzed 12 1nches of water may be a wading pool - - '

to an adult, but 1t is. a swxmmlng pool to a small child and is subject to the ~5%/,/

same safety hazards and contamlnatlon Therefore, the wading pool should

-receive at least as much attentlon as the swlmmlng.pool

»

" Proper care of a_private wading pool requires measures quite similar to

those practiced at public wading_pools,'which are carefully enéineered, operated,

6

-and supervised to reduce health and accident hazards to a minimum. The water’

"by the health department. : R <

EP

in these pools is kept in satlsfactory condltlon by being rec1rculateg,
filtered and dlSlnfected conitinuously whlle in use. Personal cleanllness is

requ1red of the users of the pool. Sanltatlon and operation ‘are checked frequently

» For a- famlly wad1ng pool especr?lly the portable type, equipment for

"fc1rculat1ng and filtering the water is expen51ve and 1s usually . 1mpract1cal}< The

'best compromlse that 1 reduce the chance of 1nfectlon 1s to chénge the water

often enough to keep it looklng,clean and to add dlslnfectant before and
dur1ng use. One should avoid submerglng the end- of a flll hose 1n the pool
water, becausé under Certaln c1rcumstances, \he pool water could be saphoned into

the .pipes and contamlnate the family drlnk&ng water. Construction and\draln—

‘age of a permanent wading pool should be in accordance with the local Slumblng

code. - - .
3 . ‘ ) 19
- : v/ N . 1
The follow1ng suggestlons on the’ care of prlvate wad1ng pools should be

followed in order to reduce the chance of accidents and the spread of dlsease N
. i ®

l.L‘The _use of the pool should be restr1cted 1f possible, to the members _
of the famlly If playmaﬂ”s are allowed to share thg/pool, make certaln
that they are-in goed health. Do not overload the pool Keep in mlnd 4

that the person ma1nta1n1ng the. pool has a legal 11ablllty as well as a

j
mora& respon51b111ty for 1ts COndltlon and safety. - v - )

ey v ©
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2. The water ih the. pool should be kept clean. Dirt and body wasghings '

in the water prevent the d1s1nfectant ffom—ré“*ﬁlng m1croorganismg—to‘“’_*?,
destroy them. . Make sure only clean apparel is worn by the users of the///
pool and the1r Jbodies,” espec1ally feet, have been cleansed The '
frequendy of complete water change requlred will depend on the rate at

wh1ch dirt: gets 1nto the water and also on the degree of control main-

s ta1ned éver the users of the pool Each tlme the pool is emptled (i )

v - should be subgected to a thorough cleaning, prior to refllllng

3, Hot ‘water may be added to the pool 1f the water ¥s very cold. Chlldren
should not be allowed to stay in the pool so long at.a t1me that they

become serlously chllled lower1ng their res1stance ‘to” 1nfectlon.

4. Metal and glassgobjects, soap, foodsﬁuffs, pets, leaves, etc R tend to

cause dcgident hazards or 4o use up the disinfectant, and‘should be kept = -
. e T [y . o ’
out of the pool. ‘ : . o . ;

'-P - [ 2

. B ; s

5. To reduce contamlnatlon of the pool water, ‘a d1s1nfectant such as house— \

hold laundry bleach should bq added\to 1t ' The bleach preferably should VA

PR be dlluted first, but lt may be- used w1thout dilution 1f it 'is- handled _
' w1th care. //It should be added about one hour before the pooI is used and

hourly dur1ng the period’ of pool use. _ ,
. . . : _ .
.The table'below shows the volume of»water in wading pools and the quantities

e

to use of a suggested diluted solutybn OR of undlluted bleach For

slzes not llsted estlmate from the- nearest size in the table or from the*

pool volume. \ - - ) . o : : ﬂ .

The quantltles are for each one foot of water d€pth. For exapple, for two

/,——\

, .. feet of water depth use ‘twice the amount shown//'For one"balf foo%f%ﬁx Cir
water, use one-half the amount sfown ' s

S

ERIC | - o |
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\ RECOMMENDED QLZJTITIES I‘OR DISINFECTING PRIVATE WADING

POOLS* -
\ L
‘Gallons = - Quanthity of T e Quantity of
' . in Pool ‘Diluted Solution*#* *  undiluted Bleach = -
 Dimension of Fool  Loi poot Add 1 ur. - Add - - Add 1 Hr. Add
%ound, ‘Square of v Before Use ' Each Hour ~ ‘Before use” ' .Each Hour
dia., ‘side . Depth ] A T T o
. . T L P ' St ., 2
3 feet . 2-1/2 ft 50 ) 1 pint .~ 1/2 cupful 1 thsp. 1 tsp. <y
4 feet 3-1/2 ft 90 : 1 quart, 1 cupful ~ =l ounce 2 tsps. ~
5 feet - ' 4-1/2 ft 150 .. 1-1/2 qts - 1-1/2 cupfuls 1-1/2 ozs . 2 tsps.
, 6-feet 5 feet 200 . 2 quarts 1 pint - 1/4 cup 1 tbsp."”
7 feet - - 6 feet 280 - - 3 quarts 1-1/2 pts ~2-1/2 ozs *4 tsps
8.feet -7 feet 3o .- v 1 ga¥lidn 1 quart, '/ 3 ozs . 5 tsps. - o
9 feet ° 8 feet © 480 ® « 5 quarts 2-1/2 pts 3-1/2 ozs _ 5 tsps
10 feet. , 9 feet 600 - 6 quarts "3, pints 1/2 cupful , 1 ounce
. - b N : N . . . * N
(3 teaspoonfuls (tsps.) = f\tabfes;;§hful (tbsp.); 2 tablpspoonfurs =1o0z; 8 ozs = *
1 cupful; 2 cupfuls = 1 pintf 2 pigts = 1 quart; 4 quarts = 1 gallon) N
. . A, N
|'*This table is based on the initial azpiicatlon of one quart of the diluted solution - !
for each 100 gallons of water 'in the pool; or 1 fluid ounce of 5-1/4% household laundry
bleach without dilution pcr‘lOO gallons??br 4 parts per million (ppm) 'of chlorine.
** To prepare this diluted solution, add one-half cupful of - 3—1/4% .household laundry
. bleach to abput one gallon of tap waterjln a pLﬂSth pail or other ¢orrosion- reS1stant
conta;ner. ggj
~ These quantitiES'are approx1mate/ They shouldtpe verified by use of areliable R )
chlorlne test kit to maintain’ resldual of 0.4 to.1.0 ppm whlle the pool 1s in use. :
. Y .
” . ' ! ’ ’ '.
- s . bl Al . Co. " ) - . .
! . 3
>
. " » I. ;"»
Computing Mjxtures or Dilutibns '
: To detgrmlne the relatlve quantltles of solutlons of dlffarent concen-

’i tratlons whlch should be mlxed to. ‘obtain a spec1fied concentratlon, draw a square

or rectangle and 1abe1 the upper and lower 1eft—hand corners with the larger. and. -
‘smfaller known concentratlons respectlvely Be sure\poth values are expressed R
.in same unlts such as percentages or parts per mllllon, etc. .. ' !
‘ ' S °
. & . .

Place the flgure representlng the de51red'concentrat10n of Ehe resultlng ] -

/X. )

solution or mlxture 1n,the centér of the square. ., - -

-
v

é

Subtract (1n approprlate dlrectlons) and enter the d;fference bétween the
,upper 1eft figure- and center flgure in the lower rlght ~hand corner; enter the ‘

dlfference between the center figure- and the lower left flgure in the upper

'/ .
rlght -hand -corner. . : IR S '
’ . . ] ¢ N

’r : . . .
. -
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gredients whi should.be mlxed to secure the desired cbncentrat&gn The,

value in the upper rlght -hand corner refers to the 1ngred1ent noted 1n the upper
left—hand corner, and . the lower- corner values similarly. are related The sum of the
LLtWo rlght ~hand numbers ‘is the denom1nator of the fractlon by wh1ch the total .
desired quantity should be multlplled to determlne the quantltles (same unlt%) of
‘each ingredient to-be used. Not thevlollowlng,example ) S, o .

«

How many gallons of 10% sodium hypochlorlte Wlll be requ1red to
make 105 gallons of 8% sodium hypochlorlte, by~m1x1ng w1th an e ‘J
N R -
o appropriate quantlty of 5% sodium - hypochlorlte ‘'solution? O
< * . ) . . Ce
. \4\ . . ‘ . . o . . ) ' I
(Given) 10% - , : L ,/ . .3 parts (unknown)
: ~. & . ERT 2| . i .
¥ . - \'_\:',1 ' i } - X . 3 .
+ . 8% '
B ' »(7(Des1red) B ) o ‘

{(Given) 5% LT s . >x .2 parts (unknown) -
#0-8=2, and 8 -5=3; 3+2=5 =2x105=63gal. of 105. [ | .
Algae Control I P o : : -

o~ . - , :

; Algae are varied colored microscopic plants which appear_ commonly in-out-
_door pools and occas1onally ifi the indopr pool water& Growth occurs either in -

the free’ floatlng varlety, or the cllnglng form which grows on pool«surfaces

Algae ‘are not cons1dered respons1ble for human diseases. -Thelr”presence

in swlmmlng pools is objectlonable, however, because they .

a. - may cause “the pool bottom, "sides- and deck to be sllppery,
"b. are un51ghtly and may cause the poﬁl ‘water to be tufbld .and/or ‘colored;

c. . create a hlgh chlor1ne demand g
d. reduce fllter/runs . e ' : i
e, may fa;ter hacterlal grow;h . - R N
£. | may éﬁ responslble for odors T . E T
) :& =
.‘ ! .
————— R W’ . o




»Proper de51gn of a swimming. pool can a551st greatly in- the preventlon

1o

« of algae growth. (features of part1cular 51gn1f;cance in thls regard 1nclude

lsultable 'water disinfection and flltratlon fac1llt1es, mult1ple 1n1ets for good

c1rculatlon of water, smooth surfaces for “the pool structure izd deck and

shadlng from the sun. i\f o . ' , _

Good pool operatiop is’ essent1al for the preventlon of algae growth. -The
pool treatment fac1llt1es should be operated cont1nuously, the water should be.

.
flltered properly, adequate chlorine re51duals should be ma1nta1ned and hlgh

pool water temperatures should be av01ded The pool walls and botfbm should be
kept smeoth and in good repair and should be brushed and vacuumed frequently
Pool decks and walkways should: be kept cleaned and properly dra1ned. Frequent

" scrubbing ls adwisable. T

~
Outdoor sw1mm1ng pools should receive "shock treatmént" frequently,

generally at least weekly, for the preventlon of algae growth. This can be

accompllshed by 1ncreas1ng rapEdly the chlor1ne application to obtdin a free

N

chlor1ne re51dual of 5 to 10 ppm. This’ must be done durlng nonswlmmlng hours,

such as at n1ght and the ‘poal should not be used again until the clor1ne re51dual

has decreased to normal.
‘ . T Lo ‘.‘.‘ . . . . tep
Removal of algae gréWth‘is much more difficult. A sudden rise in PH f the

-

, bool water commonly accompanies algae growth and is a useful warhing signal before

. 7
‘it can be seen. - "Shock treatment” followed by pool brushlng and vacuumlnq ay
. Il

>

be - énouch to ellmlnate 1t . Where large growth® have accumulated, 1t may be/"
<necessary "to drain ‘the pool and scrub all exposed surfaces with a 200 ppm

~ chlorine solutlon. Thls solutlon can be made by add1ng l/8 {1 ounce).

household bleach to 2 gallons of water. ﬁ i

’

3

~

. Copper sulfate also can be used as an algicide (but should not be used as

v

a pool water dlslnfectant) ‘It can be used for shock treatment u51ng doses of
I\

5 to lO pounds per mllllon gallons of water. Overdoses,vhowever,‘can dlscolor ..

- pool surfaces and swimmers- ha1r and suits. o -

Y . ) P B ) ~
N * N

;r\u The use of other chem1cals such as quaternary ammonlum compounds as j

' a&nlcldes is not recommended, except when “the pool is empt1ed for cleanlng

- A >
.- . L.
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g 'SELFLHELP\Q'UE'ST'I.O_NS ON SW«IMMING pooLs o

Now that you have studied thls sectlon, answer the follow1ng questlons

‘Write the - answers w1th pen011 w1thout referring Back to thé text -When you are
- satisfied w1th your wrltten answers, 'see 1f they are correct by checklng ‘them

with the' text. Erase your answer and wrlte in the correct answer. if your first -
answer is wrpng. - 'Note that these . questlons ‘are not necessarlly those that are-

10

S 11

-

o

used in the" certlflcatlon examlnatlon . PR » o
7 v, . - \ ) ' [ i A * ! o
1. Lisg atwleast‘seven desirable cha:écteristics of swimmingipool disinfectants.
. . ) ! “ :‘"_ 7- - ‘-. ‘ . ‘ - '.V
2 o i | .¥ T 1 ’ ‘
.;' ra 'e I [ T ,\) o ~
o ’ B D ‘ B . : K -
N )
- 2. "What is the preferred pH of‘chlorinated. swimming pool.water? N
‘; o . . . . L. .d o - . , v ) . ) ; ) , A \
o - .o L e ey, -;;;// A .
"3 'Why is chlorine gas not “comgpnly used in swimming pools? - ; LT
_ ny ‘ > g K m?? y used wimming poois:s. 3 e
e e ) o ,,. X . - .. X E /-’!». ‘."U,;- -
" B e e = T T
I L s
4. Should a'cqptainer‘of,Calcium'hypochlorite be hung in' the poqQl?,
) Pooe e 0 ‘-°.~. ‘ L L v
. _ : “aon . 2 G . -
s e oy
5. Shquld bulk tank lots of sodlum hypochlorlte be’ c‘llluted'> '
' ” . i e s ) ) o ) v
g LR - N [ . - ‘."‘ R ‘_ T . . :
6. What materials cdh be mixed safely with calcium:hypogh%priteZ R T .
P . oo S LY K o
7. How often must the gyanuric #cid level in public swimming pools be tested?
) . , — ‘. v' . I ] . _ » ' R ’ '
* 8. What is free residual chlorination?' . . - : :
) ' N S e . ' [ i S t e e o - -
. T ' A S o N LA o
' . S Tt L ' oot o . :
: N ° Ty L
9, what effect does dlrect sunshlne have on chl:;arme'>
S ¢ RO co N : L
. %’} N - , ". ,— ., [ '’ . .' ) . ) N . ) R —‘ )
. s ‘ . e
fs f ee available chlorlne 51gn1f1cant1y more’ effect;ve than combined .
ava bel chlor1ne°“ e T e T _ Cos
’ . ' K S T e v : . [
o P : S . vt T S N '
- Do bremine. vapors irritate the respiratory, tract? ' '
: - ; . ' ' o ’ o x ‘
LY B _ \ - N ~
l“ . , 4 ﬂ. ~ M
o § N .Y . (] 2 &
‘s ’ o, . i \zﬂ
i ‘
. : N ) - .
4 ’ ' . = . . \
. ' : .,
’ ~ v L
1 - s 4‘ x e (‘ L o
! - . . N | ‘ , ) - I; . .
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12.

13.

14.

15.

'16.

17,

1B..

19.

20.

22.
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What is

Can athlete's foot be transmitted through swimming pool water?.

What advantages does,

J

i

- 50 -

4

El

ipdine have over chlorine'and bromine?

Are ear plugs effective in preventing ear infections?

List ‘at least five factors that can cduse eye irritations in swlmmlng pools

What .is granuloma?

.4

-

~

q

v

bl

N ~———

Is typhold fever a true waterborne

What causes. plantar warts?,

! &

9]

L3

[

{bisease?

\

Are foot baths effective in the control of gpbt'ihfectionsf

)

How many gal%bns S '15% sodi

. gallons of 12%-5ddium hypoch

¥

/hypochlorlte will be requlred to make 100

orfite by mlfkng with an approprlate quantlty

a

%

of 5% sodlum hypochlorltersolutlén?

o

e

"shock tr. atment" for ‘the prevehtidn of algae growth? "

.

-

3

o

;

Can h%gsehold,ieundry'bleach safely be used in wadify pools as a disinfecti

,\‘

S?
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ENVIRONMENTAL CONSIDERATIONS AND RESTRICTIONS |
‘.. . . o ‘- . | ., . Al X ‘_% ' 5 . : l’;b/
+Incorrect application .of'chenficals in water may involve serious hazards

to man, wildli%e, fish and desirable plant 1life. .ConsequeAtiy you must:

.

: o . g . . .
‘”’o select the correct chemical fdr a specific aquatic site and particular
plant imfestation,

® apply 'it correctly at recoWgended rates,
b .
e observe the restrlctlons on use of the treated water,
t .
¢ be aware of ;he adverse effects of incorrect usestand

e obtain permisgion if necessary from appropriate€ state or federal agencies.

Theibontroi of aguatic vegetation-pre;ehts special problems, because: i

e the water often has multiple uses,
; herbicides w1ll not always remain where they are placed and

" ‘¢ herbicides may«klll plants other than those intended.
.~ . .\. .

Consider all the usgs'of the water to be treated, 1nc1ud1ng those far

downstream. Read the label to determlne that the chemlcal you choose is. compatlble

FN |

\

with these uses. oL : - )
Types of water uges to consiéer before applying chemicals include: \ ;
Z \ . : .

o human use, -such as drinking, cooking and swimming: Few tolerance have
'been established for\herb1c1de residues in such water. Coppgr sulfdte
hﬁs been established for herbieide re51dues in .such water. ‘Copper sulfate
has been used for control of 'algae in drinking water for many years and
}s permltted at the- concentratlon of 1 ppm copper 1o§?N'L1m1te§ residues

of several other herbicgﬁes are permitted in raw drinking water. ‘

However, you should avold\contamlnatlngv ny drinking water with any level

of herb1c1de or other pesﬁ%c1de

\ 6 . o ", I

e livestock and wild animal dfe; . R T
e irrigation, - .

e industrial uses, and '\ )
. N .

.

e fish production. Most aquatic Herbicides are not toxic'to‘fiEh‘or other

. . A . . P :
animal life at(the concentrations recommended: for plant-contr?l?‘"Notable - ‘
; ! . . - ‘

. N L . ~
| . . N ’ -

)]
G
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exceptions\are Grade B xylene, acrolein and some solvents and emulsifiers

in cdrtain Yormulation of normally nontoxic herbicides. " These should not

be used in fisheries, ok where the water treated with these herbicides .

L)

could enter fisherv'waters It is possible to use'these herbicides for

w1th little hazard %o fish. If given an avenue of escape, flsh w111 leav

‘

areas where the herb1c1de is used.

Trout are %specialLyZSUSCeptibie to copper sulfate' Trout waters “should

not be treated with copper sulfate w1thout consulting flSh blologlsts

a
4 . .
) Pest1c1des sboul% not be used where théy may have unggtedded affects , 55\\

v

downstream ‘ ' : ",

~Application Rates

Correct app11catlon of chemicals to aquatlc 51tuatlon1 involves equ1pment

v,

>

ca11bratlon and calculatlon of appropriate water volumes or areas. - Env1ronmental
hazard can result from the 1ncorrec 11c%tlon rate. o o,
. . / . o .
A ) ‘ . s .
Excessive application can .
- . *

o damage to fish, either: fpdm direct toxicity, or from ck of'oxygen S

caused by an excessivel rapid kill of plants. Bacter 1 ntamination -

k111ed fish.might further contaminate downstream
"

> resultingefrom decay o

water supplies. !

. ] v “..7 . ,\. .
‘@ the need for exclp51on of humans and 11vestock from use of the water. for

]

a ]onger time than necessary, and ,

15

® water unfit for dirrigation use.

ev Ay
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SELF—HELP QUESTIONS ON ENVIRONMENTAL CONSIDERATIONS
- AND RESTRICTIONS ‘ : S

Now that you have studied this séction, answer the following questions.
Write the answers with pencil without referring back to the text. When you,

are satisfied with your writtén answers, see if they are correct by checking them

with the text. Erase your answer and write in the corréct answer if your first
andwer is wrong. ‘' Note that these questions are not necesgsarily those that are
used in the certlflcatlon examlnatlon oo

,

£}

1. List at least fi&e.types of water uses to consider bhefore applyind( chemicals.
. .. \" . . . R .o, -

"
smme— ’

. : T
P - . { PN

{ e : - _ .

-

List at 1east three p0331b1e results of excessive pest1c1de appllcatlon ‘to
vaquatic 51tuatlons.

- ~

'y “ \ "
. . .
. -
o
. A
. . B
. . -
N -
' L
- »
A +
. id .
i, N
w3 .
i
f
y ~ {
)
/—\ .
‘fﬁ 2
) .
. - » . o
-y M ¢
: . -
. &
> ve - v
o3 s v ' N
/ - - "\
J— N .

\
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UNITS AND CONVERSION EQUIVALENTS

[}
1 acre=43,560 sq f, .
1 acre-foot (A- fl)=43 56Q, qu ft=325, 8'}2 gal= 2 720 000 Ib of water
I tu ft per sccond (cfs)=450 gallons per mmutc (gpm) Y .
1 cu ft=7.48 gal=62.4 Ib of water , _ ’ oo A
1 gal= 128 fluid ounces=8.33 Ib of water |
1 paft per milliog by volume (ppmv)=1gal pcr nillion gaL of water
1 part per million by weight (ppmw) =8.33 Ib of chemical per million gal of walQ' '
1 ppmw—— 2.72.1b of chemical per A-ft of, water gal of liquid formulauon required
1b ai requ1red N

—1_b ai per gal of corncentrate’ o
Ib’ai requiged X100 Z ‘
% ai in formulation by weight

*

' \beof dry formulation required =

= active ingredient)

‘

cfs=cress scclxon area in sq ftxaveraL%c vclocnty in ft per second-(fps)

. -

. FORMQLAS FOR HERBICIDE APPLICATION TO CHANNELS

Cross scction area of rectangular channePin sq ft—avcragc width in feet' times the average dcpth in ft

gal of chemical X 1,000,000 - '

~

ppmv=

& cfs>X450X minutcs applied - ' _ 3
) . ppva450Xm|nutes applied '
gal of chemical per cfs =
D : 1,000,000 - - .
s o ppmyvX450Xcfs Xminutes applied ™
Total gal of chemical required = ' o
=l 3 / 1,000,000 o .
\/ ' Ib of chernical X 1,000,000 . : o o,
=/ ppmw o L . .
cst3744Xm|nutcs applied — S I
gal of formulalion X 1b ai pC/‘/gz-ﬂ/ X 1,000,000 -
ppmw= : : - N ,
S v cfs%3734><mmmcs apphcd Lt L v ]
T gmeX3744XmTﬁut“$dpphcd i ' '
Ib of chemical per cfs = : ' -
\ 1,000,000 5
S . : ppmw X 3744 X minutes applied :
' gal of formulation per cfs_= ‘
Ib ai per £al X1,000,000 o

Volume of pondim cu® ft—surfa/J:e area in sq ftXavcrage depth in feet
Volume of pond in Afl=§Trface~ a¥éa .in agres X average dcp;h in feet

‘volume of pond in cu ft.

Volume ond i in A-ft= |
-2k ! 43,560
gal of 100% active ingredicnt
ppmv=
. vo]ume in A‘—f(XO.33

Total gz'xl of chcmical rchirc‘d=A-f[prm§1X0.33
Ib ai of chemical applicd

volume in A-ftX2.72 ' : \ ) _

~Total 1b ai rcquircd=A-ﬂX2172prmw desircd
A-ftX2.72 X ppmw desired

ppmw=

: liquid f lation required =
.Tota] gal of liquid formulation req Ib ai per gal of concentrate

j , t' :.

. — e
\ N . . d . ; ¢ .
N L . \ . L

Q * D 59

FORMULAS FOR HERBICIDE A’PPLICATION TO PONDS OR LAKES

ama L v an -
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Appﬂndiﬁl. Selected references for the idemtification of aquatic plants.

. . .4 . ’) M . “ .

' - “ . LR
. e

‘ c e e )

Correll, D.S. and H.3. Correll. l972“‘ Aduatic and Wetland Plants of
‘the Snuthwestern United States. U. S Environmental Protection Agency.

d Government 2?7 inting Office, Stock Number 5501—0177. - .
d -
assett, N.C. A Manual of Aquatic Plants. Uniyersity of ﬂisconsin.Press.
Revisgion \nnond1¥ by Ogcden, Eugene 6. 1967.
) .

Hotchkiss, Neil. -Pondweeds "and Pondweedlike Plants of Eastern North
America. Circular 187. U.S. Department of the Interior, Fish and X
Wildlife Service, Washington. 1964. ‘ .
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Hotchkiss, Neil.- Underwater and Floating—leaved Plants of.the United States
and Canada. Resource Publication 44. "U.S. Dept. of the Interior Bureau
of Sport Fisheries and Wildlife. Washingtqon. 1967.,

Muenscher, W. C. Aquatic Plants of the United States Comstock Publishing

Co., Inc. Ithaca. 1944.

Mason,, Herbert L. A Flora of the Marshes of Cal&fo nia. “ﬁniﬁefsity of
California Dress. Berkeley 1957."

WPldon, L.W., R.D. Blackburn and D.S. Harrison. 1969. Common Aquatic
Weeds. Agriculture Handbook No. 352. 'U.S. Dept. of Ag. in coop. with'
Florida Ag. Exp. Stat., Florida Ag. Ext. Ser., Cent. South. Florida
Flood Control Dist. and U.S. Army Corps of Engineers.'
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This information is fof educational purposes only. Reference to commercial
products for trade names does not imply discrimihation or indorsement by the-
Cooperative Extension'Service. Cooperative Extension Séfbiqe Programs are oéen
to all without regard to race, color, creed, or natiocnal origin. Issued in
‘furtherance of cooperative extension work in agriculture and home e&conomick,
acts of May 8, and June 30, 1914, in cooperation with.the U. s. Department . of:
Agiiculture;--Gordon E. Guyer, Director, Cog;erative Extension Service,

Michigan State University, E. Lqpsing, MI 48824 1p-250-2:77-UP
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